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The Sand Hills of Nebraska comprise a dynamic environment of sand dunes that has 
changed much over the millennia since their formation. Periods of dune reactivation have 
occurred throughout history, including one such period at approximately A.D. 900-1300 
associated with the Medieval Climatic Anomaly (MCA). Much is known about the 
geologic activity during this period but little is known about how human populations 
responded to changing environments. I examine the chronology of three sites occupied 
during the peri-MCA and the change or stasis in population movements via chemical 
characterization of ceramic artifacts. Optically stimulated luminescence (OSL) dating 
was performed on sediment samples and ceramic sherds from each site in addition to 
instrumental neutron activation analysis (INAA) on sherds from each site. Optical ages of 
sediment and ceramic samples aid in refining site chronologies, offer new hypotheses 
about site occupations, and add to the larger chronological dataset for the Sand Hills. 
INAA results indicate that ceramic raw material exploitation, and therefore population 
movement patterns, may not have changed significantly early on during the MCA. 
However, data from the proto-historic Humphrey site indicate a change in terms of the 
composition of sherds towards the end of or after the reactivation and stabilization related 
to the MCA, which may represent populations expanding out of the southwestern U.S. 
	 	 	 	
and into the Sand Hills, though whether this migration or diffusion of people and ideas 
and material culture is directly attributable to climate change or whether it is a byproduct 
of other processes is unclear at this time. 
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Chapter 1 – Introduction 
The problem of climate change is nothing new. Living species have endured 
changing environments for millions of years, either adapting their behaviors to fit new 
surroundings, moving to new environments, or being supplanted by better-equipped 
species. These rules for adaptation to new environments apply to humans as well, both in 
evolutionary, prehistoric, and more modern contexts. For humans, these adaptations can 
be either biological, as with skin color or nasal shape; or cultural, as with clothing, 
shelter, and tools. These cultural adaptations are often traceable in the archeological 
record and can illustrate how groups responded to their changing environments.  
One such episode of climate change, the Medieval Climatic Anomaly (MCA), 
began approximately one thousand years ago (A.D. 950-1350) and affected environments 
all over the world to varying degrees (Lamb 1965, 1995). This period largely saw warmer 
and more arid conditions, though conditions varied by region. One area affected by the 
MCA is the Sand Hills region of Nebraska in the central Great Plains of North America. 
This region covers approximately 52,000 kmP2 P (20,000 mi P2 P) in central and north-central 
Nebraska, and comprises multiple types of sand dunes with varying degrees of 
vegetation. The Sand Hills region sits atop the Ogallala Aquifer, a large, constant source 
of groundwater that manifests above ground as perennial and ephemeral streams and 
lakes. Despite the underlying aquifer, many studies indicate that the Sand Hills 
experienced a period of vegetation loss and dune activation related to the MCA between 
roughly 900 and 500 years ago due to drought conditions and changing wind patterns 
(discussed in Chapter 2). The goal of this study is to understand how human populations 
in the Sand Hills responded to this transformation of their landscape and resources.  
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Archeologically, relatively little is known about the Sand Hills. Early explorers, 
used to more hospitable and agriculturally productive surroundings, believed the Sand 
Hills to be uninhabitable (Fox 1980). Over time, settlers came to the Sand Hills and 
found agriculture to be a fruitless endeavor, having far more success with ranching and 
animal husbandry. As such, large-scale development (e.g., commercial crop farms, big 
cities, large-scale infrastructure) is less prevalent in the area and much of the land 
remains fairly undisturbed by human influence. Few investigations have been done for 
federal compliance purposes; of those done, many are focused on road projects, and are 
restricted to road corridors, as in the case of the initial work done at the Kelso (25HO23) 
and McIntosh (25BW15) sites (Kivett 1952; Koch 2004). In spite of this dearth of formal 
knowledge about the archeological record, it is known that people have been in the Sand 
Hills for thousands of years. Private landowners have provided invaluable information 
about their own lands in terms of sites, resources, and artifacts. In addition, many have 
great collections of artifacts from their properties, but with little or no accompanying 
provenience information. Thus, for example, we know that there are artifacts from the 
region dating to the Paleoindian period, but we do not know where they are from in terms 
of exact location, depth, association with other artifacts or features, or other context. 
Because of this lack of information overall and especially lack of vertical 
contextual information, empirical methods may be useful to glean information from 
artifacts. Specifically, optically stimulated luminescence dating (OSL) and instrumental 
neutron activation analysis (INAA) can be applied to materials from sites in the region to 
determine the chronology of soil and sherd samples and chemical composition of sherds, 
respectively. This methodology, piloted here, aims to fulfill the following goals: 
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1. Determine if OSL dating is a viable technique for ceramic artifacts from the 
Sand Hills (if material is appropriate for dating; if calibration or standard 
correction is necessary) 
2. Determine if OSL dates of soil samples and ceramic artifacts from the same 
archeological contexts are corroborative (further validating the utility of the 
technique for different materials from the area) 
3. Determine, via INAA of ceramic sherds, if groups altered their ceramic raw 
material exploitation patterns through time (presumably as a response to 
changing environmental conditions) 
This project focuses on three sites in the Sand Hills: Kelso (25HO23), McIntosh 
(25BW15), and Humphrey (25HO21). These three sites were chosen due to their 
chronological association with the MCA and their geographical proximity to one another. 
Kelso, a Plains Woodland site, was occupied immediately preceding the MCA. The 
occupation at McIntosh, a Central Plains tradition (CPt) site, falls within the temporal 
bounds of the MCA itself. Humphrey, a Dismal River site, was occupied following the 
MCA. While these sites may have been occupied for prolonged periods, occupations and 
resulting material culture are all believed to belong only to the periods mentioned above. 
Soil samples collected from site deposits and ceramic sherds from Nebraska State 
Historical Society collections were analyzed to further our understanding of how past 
populations responded to changes in their environment due to a specific episode of 
climate change, the MCA. As stated above, OSL dating is performed on soil samples and 
sherds to refine the chronology of the sites and materials collected from them. INAA is 
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performed on ceramic samples to examine their chemical composition with the goal of 
understanding how peoples exploited raw material sources through time.  
This work is organized as follows: Chapter 2 provides background about the 
MCA as well as the environmental and cultural history of the Sand Hills; Chapter 3 
describes sample collection and processing methods and includes details about each study 
site; Chapter 4 encompasses OSL dating, including background, methodology, results, 
and interpretation; Chapter 5 encompasses INAA, including background, methodology, 
results, and interpretation; and Chapter 6 provides a synthesis of all the results and offers 
future research possibilities. 
The ultimate goal of this research is to further examine how past peoples utilized 
the Sand Hills in general, and specifically how they responded to a particular episode of 
environmental change associated with the MCA. Rather than static groups of people 
rooted in one location and one way of life, these past groups were flexible and dynamic, 
adapting their ways to changing conditions. Understanding that adaptive nature is 
important, not only for the archeological record, but also for modern peoples who are 
facing similar consequences of climate change.
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Chapter 2 – Environmental and Cultural Background 
 This chapter lays a foundation for understanding the effects of climate change in 
the Sand Hills over the past millennium, especially during the Medieval Climatic 
Anomaly (MCA). I introduce major features of the Sand Hills, including modern and 
prehistoric environments; describe dune activation during the MCA; and present 
overviews of previous archeological work and the resulting culture history developed by 
researchers.  
 
Medieval Climatic Anomaly 
The MCA, also known as the Medieval Warm Period or the Medieval Climatic 
Optimum, was a period of changing climate conditions that lasted from approximately 
A.D. 900-1300 (Fagan 2008; Lamb 1965, 1995). These climate shifts affected most of the 
world, but in vastly different ways. Researchers who coined the phrases Medieval Warm 
Period or Medieval Climatic Optimum were focusing mainly on Europe and the North 
Atlantic region, where average temperatures were indeed warmer than the preceding and 
subsequent periods (Fagan 2008; Lamb 1995). Warmer temperatures had several effects, 
such as a reduction in sea ice allowing for maritime exploration by the Vikings and other 
northern Europeans; agricultural expansion in terms of elevation and latitude (e.g., grape 
cultivation and wine production in England); and larger, stratified settlements with 
monumental architecture such as cathedrals (Fagan 2008). 
However, not all areas experienced these ameliorated conditions. Lamb (1995) 
reports that areas of the North Pacific Ocean suffered overall colder conditions, with 
longer winters and above average snow and ice accumulations. Researchers have also 
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identified evidence of prolonged and severe drought conditions (so-called megadroughts) 
in several regions, especially the North American West (Cook et al. 2004; Stine 1994). 
Geological studies have focused on the effects of drought during this time in the Sand 
Hills, particularly loss of vegetation and dune re-stabilization; these studies are described 
in detail below. Even in Europe where generally favorable climates prevailed, there were 
still extreme short-term shifts, bringing bitter winters and deluges of rain or drought 
conditions (Lamb 1995). For these reasons, Stine (1994) cautions against such monikers 
as the Warm Period or Climatic Optimum, arguing that they are inappropriate on a broad 
scale and posits that referring to this period as a “climatic anomaly” better encompasses 
the range of conditions that were experienced on a global scale, inclusive of temperature, 
wind, and precipitation.   
 
Environmental Setting 
Sand Hills – Modern Landscape and Climate 
 The Sand Hills is a large ecosystem of sand dunes covering between 50,000-
57,000 square kilometers in central and northern Nebraska (Figure 2.1; Ahlbrandt et al. 
1983; Koch and Bozell 2003; McIntosh 1996; Stokes and Swinehart 1997). The region is 
effectively bordered on the north and south by major waterways, the Niobrara and Platte 
rivers, respectively. To the west, there is an abrupt shift between the sandy ecological 
zone and tall grass prairies of the High Plains. To the east, the border is less marked; 
there is an intermixing of riparian forest and sandy mixed-grass prairie as streams exit the 
region. Here, McIntosh (1996) suggests that a functional boundary exists in terms of 
human occupation and use.  
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Figure 2.1. Maps of the Great Plains (left; Great Plains Native Plant Society 2016) and the Sand Hills and 
native grassland prairie regions of Nebraska (right; Nebraska Bird Library 2016). 
      
 
Koch and Bozell (2003) describe the Sand Hills as an ecological island. The 
notion of ecological islands stems from the dynamics of traditional islands – the island 
ecosystem is not only isolated, but also distinct from the surrounding environment, 
normally water. In these cases, the isolated area need not be surrounded by water – there 
exist isolated, homogenous environments distinct from neighboring environments that 
possess their own ecological suite of characteristics. Koch and Bozell (2003) argue that 
most of the flora, fauna, geology, climate, and hydrological factors are not unique to the 
Sand Hills in and of themselves; however, there is no other area where this particular 
suite of characteristics occurs, thus qualifying the Sand Hills for such an ecological 
“island” designation. The Sand Hills region is important as an ecological island in the 
Plains for the reason that it can provide information about past environmental conditions 
that may not be available in other contemporary contexts. Specifically, information about 
past aeolian trends is clearly discernable from dune orientation in the Sand Hills 
(Schmeisser et al. 2009; Sridhar et al. 2006), which allows for inferences about variable 
climate patterns. Other dune “islands” exist in the Plains as well (see Osborn and 
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Kornfeld 2003), and data from these islands combine to present a comprehensive picture 
of past climate trends across the Plains. 
In present day, the climate of the Sand Hills mirrors that of the rest of the Central 
Plains. It is a sub-humid to semi-arid region, with climate varying from west to east, due 
to the location of the region downwind from the Rocky Mountains.  The western portion 
tends to be colder and drier, with average annual rainfall around 40-45 cm (15.7-17.7 in) 
and average temperatures below 9 °C (48 °F), while the eastern portion averages 55-60 
cm (21.6-23.6 in) of rain annually, with an average temperature of 9.5 °C (49 °F) (Koch 
and Bozell 2003; Sridhar et al. 2006; Wilhite and Hubbard 1998). Temperature averages 
across the region are 31 °C (88 °F) in mid-summer and -13 °C (9 °F) in mid-winter 
(Schneider et al. 2011). Typically, January is the coldest and driest month in the Sand 
Hills, with average temperatures below -12 °C (10 °F) and precipitation below 1.0 cm 
(0.5 inches), and blizzards are not uncommon in the western Sand Hills. July is the 
hottest month, with temperatures close to 32 °C (90 °F). The heaviest rainfall occurs in 
spring and early summer, with heaviest accumulations in May and June, usually just over 
8.5 cm (3.4 in) (Wilhite and Hubbard 1998). 
The Sand Hills region is underlain by the High Plains (or Ogallala) aquifer, which 
currently provides a stable source of groundwater for the region (Bleed and Flowerday 
1989). This water source allows for lakes and wetlands to persist, especially in the 
western regions where there are few streams, even with a moisture shortage for most of 
the year (Wilhite and Hubbard 1989).  Multiple studies (Loope and Swinehart 2000; 
Loope et al. 1995) highlight the wetlands as being caused by dune dams, which block 
stream flows and subsurface dissipation, causing water to back up in low-lying areas. The 
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aquifer is especially important as the Sand Hills lose much of their water to 
evapotranspiration, where moisture is not only evaporated from standing bodies of water 
but also lost via plants absorbing water from the aquifer and then it evaporating from the 
plants themselves (Wilhite and Hubbard 1998).  
 Present-day flora comprises many species also found in other areas. Over seven 
hundred species of native plants are present in the Sand Hills, though there is only one 
endemic species, Hayden’s/blowout penstemon grass (Penstemon haydenii) – this species 
thrives in sandy conditions as the shifting sand keeps competing plants from crowding it 
(Kaul 1989; Schneider et al. 2011). Kaul groups the various plants into “vegetational 
communities”: bunchgrass communities, which occur in tufts rather than continuous 
coverage; sand muhly communities, usually found in recently disturbed areas where 
bunchgrass has not established itself; blowout communities, in or near erosional areas; 
transitional communities between bunchgrass areas and others; meadow communities, in 
level areas between dunes with available water; marsh communities, which can be highly 
similar to wet meadow areas; and aquatic communities, where plants are partially or 
completely submerged (Kaul 1989:131-137; Keech and Bentall 1971 outline similar 
groups). Schneider et al. (2011) classify dune prairies versus valley wetlands and 
highlight categories such as woodlands, rare areas found in fire-protected areas; wet 
meadows, where the water table is near the surface and the area may be inundated 
occasionally; and, marshes, with standing water present most of the year. 
 Schneider et al. (2011) outline the faunal populations present in the Sand Hills. 
The region is an important breeding and migratory corridor for many species of birds, 
especially Sand Hill cranes, sharp-tailed grouse, and greater prairie chickens. Over three 
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hundred species of birds utilize the Sand Hills throughout the year. Fifty-five mammalian 
species are present, including mule and white-tailed deer, small populations of elk and 
pronghorn sheep, and many rodent species. Bison are limited to expansive ranchlands in 
modern times, though they were free ranging in the past. Bailey’s eastern woodrat 
(Neotoma floridana baileyi) is rarest among the mammal species in the region, only 
found in north-central Nebraska. Seventy-five fish species occupy the region’s lakes and 
streams. Schneider et al. (2011:142) characterize many of these species as “big river 
generalists” that are found in many different environments. Twenty-seven amphibian and 
reptile species are also found, as well as numerous insect species, including the 
endangered American burying beetle (Nicrophorus americanus). 
 
Dune Formation and Reactivation During the MCA 
 The region comprises multiple types of sand dunes, including barchan, parabolic, 
linear, and dome-like dunes. Visual representations are shown in Figure 2.2.  As Smith 
(1965) and Swinehart (1989) both indicate, the dunes can range from singular and simple 
to compound and complex. Dune types are excellent indicators of the wind regimes that 
formed them, particularly linear dunes, as they are the result of converging wind patterns 
(see arrows in Fig. 2.2; Schmeisser et al. 2010). Swinehart (1989) also highlights the 
prevalence of blowouts, which are areas of wind erosion. Often, these areas are where 
archeological materials are found, though in these instances no in situ provenience 
information is discernable. 
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Figure 2.2. Representations of dune types (from Swinehart 1989:46). 
 
 
 The dunes of the Sand Hills were initially formed during periods of aeolian 
activity in the Pleistocene, with primary dune-building activity likely completed by 
approximately 15 kya (Mason et al. 2011; Stokes and Swinehart 1997). The sand “[f]or 
the most part…came from unconsolidated alluvial sands more or less covering the 
present area of dunes” (Swinehart 1989:53). The same conditions and processes that led 
to remodeling and migration of the dunes in the Holocene were responsible for their 
formation: drought conditions led to de-vegetation and destabilization, allowing winds to 
transport unstable sand across the region (Mason et al. 2011; Miao et al. 2007; Stokes and 
Swinehart 1997). Elevations in the Sand Hills range from nearly 1,220 m (4,000 ft) above 
sea level in the west to slightly over 600 m (2,000 ft) in the east. Individual dunes can be 
upwards of 30.5 m (100 ft) above the interdunal valleys, which are where wetlands, 
marshes, and lakes normally occur (Swinehart 1989).  
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Many studies have been conducted that confirm multiple periods of dune 
reactivation and stabilization in the Sand Hills throughout the Holocene. Modern studies 
using variable techniques such as OSL dating of dune sands, diatom and pollen analyses, 
dune orientation and paleo-wind analyses, and radiocarbon dating of paleosols are in 
accord regarding several periods of reactivation, one of which occurred during the MCA, 
beginning approximately 1,000 years ago and lasting for a few centuries (Ahlbrandt et al. 
1983; Goble et al. 2004; Mason et al. 2004; Mason et al. 2011; Miao et al. 2007; 
Schmeisser et al. 2009; Schmeisser et al. 2010; Schmeisser McKean et al. 2015; 
Schmieder et al. 2011; Schmieder et al. 2013; Sridhar et al. 2006; Stokes and Swinehart 
1997). It is important to note that this reactivation and subsequent stabilization did not 
occur simultaneously or at the same intensity across the region. Drought conditions 
abated and dunes stabilized in the west-northwest first and stabilization slowly moved 
(south)eastward. According to Schmeisser et al. (2009), the reactivation in the northwest 
part of the region was characterized by dry, active dune crests and moist, vegetated 
interdune areas; in the southeast, drought and subsequent activation was more complete, 
with gopher burrows and paleosols conspicuously absent. This is in accordance with 
Schmeisser McKean et al., who find evidence of optical “ages generally decreasing 
(becoming younger) toward the southeast” and “dunes to the northwest stabilizing before 
those to the southeast” (Figure 2.3; Schmeisser McKean et al. 2015:527,532). The 
absence of gopher burrows and paleosols in the southeastern portion is likely a result of 
the lower elevation and/or smaller size of the dunes as opposed to the larger, higher dunes 
in the northwest. 
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Figure 2.3. Spatial distribution of OSL and radiocarbon ages from the Sand Hills during the Medieval 
Climatic Anomaly (from Schmeisser McKean et al. 2015:531, Fig. 4). Ages indicate that dunes to the 
northwest stabilized earlier, and subsequent stabilization followed to the southeast across the region. 
 
 
Changes in wind direction and intensity contributed to this period of drought and 
reactivation. Sridhar et al. (2006) point to a bidirectional wind regime with winds out of 
the north and southwest at relatively equal intensity; this is in contrast to non-drought 
periods when winds are generally out of the north and the south/southeast, with weaker 
winds from the south. Schmeisser et al. (2010) supports these findings. This change in 
wind regimes is evident in the orientation of dunes, particularly linear dunes. These 
southwesterly winds played a crucial role in the onset of drought, as they brought warm, 
dry air from the southwest and Mexico up to the Plains. Many authors (Cook et al. 2004; 
Miao et al. 2007; Schmeisser et al. 2010; Schmeisser McKean et al. 2015; Schmieder et 
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al. 2011) also present evidence for large-scale increases in sea surface temperatures 
(SST), which, in conjunction with a wind shift, meant an increase in warm(er) air being 
transported to the Sand Hills: “the Sand Hills were most often in the dry, hot air with 
greatly reduced precipitation” (Sridhar et al. 2006:346). 
The warm, dry air being transported to the region during the MCA led to a 
decrease in precipitation, particularly during the summer months. This decrease had 
several impacts, the most important being vegetation loss:  
The extensive dune fields of the central Great Plains are largely stabilized 
by grassland or shrub steppe vegetation today. Great Plains winds are 
frequently strong enough to mobilize sparsely vegetated dune sand; thus, 
vegetation cover is the key limitation on dune mobility, and vegetation 
density is in turn strongly affected by effective moisture. (Miao et al. 
2007:119) 
Even with present climatic conditions, Mason et al. (2004) highlight the potential for 
localized sand transport in blowouts or areas where vegetation has been disturbed by 
cattle. 
 Mason et al. (2004) discuss the environmental conditions that would have been 
necessary for the observed sand transport during the MCA. They argue that the water 
table must have been lowered, allowing for a “dry, sparsely vegetated valley floor,” 
though some interdune areas may have remained moist to allow for observed peat 
accumulation (Mason et al. 2004:214). Dune dams may have contributed to this 
interdunal moisture as well. Schmeisser et al. (2009) examine pocket gopher burrows in 
the north-central Sand Hills as evidence of dune destabilization. The burrows were 
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created during the MCA and their form and organization indicates that pocket gophers 
altered their burrowing behavior in response to dune reactivation throughout the region. 
As the dunes lost vegetation and became active, the gophers clustered in areas such as 
interdune regions that retained moisture and organic matter. Eventually, certain areas 
were abandoned by the gophers altogether as they could not find enough sustenance. 
Upon the return of moister conditions, gophers repopulated the areas previously 
abandoned. Schmeisser et al. also posit that these interdune areas could have sustained 
other fauna even as other areas dried out and became active. Evapotranspiration, the 
evaporation of moisture from the soil and transpiration from flora back into the 
atmosphere, is another important factor in the reactivation of the dunes. The evaporated 
moisture reforms as precipitation. During the MCA and other similar periods, the 
“reduction in vegetative density [and soil moisture] by drought decreases that source of 
moisture, leading to further diminishing of the vegetative cover” (Schmeisser et al. 
2010:564).  
 
Figure 2.4. Estimates of intervals and relative intensities of sand dune activity in the Sand Hills during the 
last 13,000 years (from Loope and Swinehart 2000:31, Fig. 17). Specifically, note the spikes in activity 
since approximately 1,000 years ago. 
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These studies provide evidence for dune reactivation and indicate that the climate 
factors leading to such a reactivation were not localized to the Sand Hills or specific areas 
therein; rather, the reactivation in the Sand Hills was one aspect of a larger climate shift 
that was evident across the continent and globe. Cook et al. (2004) argue for drought 
conditions and increased aridity across the western U.S., including the Sand Hills, using 
the Palmer Drought Severity Index (PDSI) to show an increase in drought area of 
approximately 41 percent during the MCA. 
Based on archeological evidence discussed below, it is known that humans 
occupied and exploited the Sand Hills around these times of dune activation and climatic 
variation, dating back to the Paleoindian period, roughly eleven thousand years ago. The 
focus of this study is to examine how they responded to such change in their 
environment.   
 
Culture and Research History 
 There is myriad evidence for human occupation of the Sand Hills from very early 
in the Paleoindian period through the present in the form of isolated finds, often from the 
surface or in blowouts. No Paleoindian sites have been identified in the region, but 
projectile points and other lithic technology indicate that these early peoples were 
utilizing the Sand Hills to some degree (Koch 1999). Exploitation of the Sand Hills 
continues from this early period to historic times, when homesteading and ranching 
began in the area, largely due to the Homestead Act (1862) and Kinkaid Act (1904). 
Regarding the Archaic through historic periods, sites have been identified, though they 
are often few and far between. These periods often follow material culture patterns 
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similar to elsewhere in the Great Plains. The cultural periods of specific interest for this 
study are the Plains Woodland (PW), Central Plains tradition (CPt), and Dismal River 
(DR, also called Plains Apache by Gunnerson 1950, 1960).  
Archeological investigations from the region are relatively limited (Holen 1989; 
Kivett 1952; Strong 1935). The first archeological investigations during the 1930s and 
1940s, part of the Smithsonian River Basin Surveys (RBS), were limited due to methods 
that were unsuitable for the terrain; in vegetated areas, pedestrian survey has a low 
success rate in terms of recognizing and identifying artifacts or ground features (Holen 
1989). Sites that were located, such as the Kelso site, were partially excavated (25 
percent) and have largely been left alone (Kivett 1952; Koch 1999). Many of the more 
recent projects were carried out as part of the Section 106 process in accordance with the 
National Historic Preservation Act of 1966, which requires that projects on federal land, 
carried out wholly or in part by a federal agency, or benefiting from federal funding take 
into consideration impacts on properties listed on or eligible for listing on the National 
Register of Historic Places (King 2008). These include federal highway projects and river 
basin investigations. As a consequence, many of the known sites in the Sand Hills are 
along major roadways or rivers. While these projects have provided invaluable 
information about archeological resources, much of the region is neither near a major 
roadway nor a major stream. In addition, much Sand Hills land is privately owned and 
utilized for large-scale ranching of bison and cattle, and therefore is not subject to 
development that would trigger Section 106 compliance. 
 In fact, our best source of information about the Sand Hills and their human 
occupation comes from Sand Hills landowners. They know the terrain better than anyone. 
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Just in the past few years, ranchers helped an archeological team from University of 
Nebraska-Lincoln to find the true location of a site; the previously recorded location was 
off by several meters (likely a result of older mapping technology; Douglass et al. in 
press). Landowners and ranchers also provide the collections of points that form the base 
of our knowledge about early Sand Hills occupants and passers-through so far (Bleed and 
Flowerday 1989; Holen 1989; Koch 1999). 
 
Figure 2.5. Map of Sand Hills (tan) showing select known archeological sites and their proximity to 
perennial lakes and rivers (blue). Red dots represent study sites. Black dots represent select peri-MCA sites 
in and bordering the Sand Hills. Site data courtesy of Nebraska State Historical Society. 
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I outline the three relevant cultural periods for this time period below: Plains 
Woodland, which immediately precedes the MCA; Central Plains tradition, which is 
largely contemporaneous with the MCA; and Dismal River, which refers to protohistoric 
occupations after the MCA. Overviews of these categories are provided below, with brief 
histories about excavations in Nebraska. Further detail pertaining to specific sites, 
including profiles and artifacts recovered, can be found in Chapter 3. 
 
Plains Woodland 
The Plains Woodland period (500 BC–AD 1000) is the period defined by the 
occurrence of technologies similar to those of the eastern woodlands, such as the bow and 
arrow and ceramics, increasingly sedentary lifeways, localized resource extraction, and 
the beginnings of food production (Duddleson 2008). Subsistence was based on a mixed 
economy of hunting, gathering, and early maize horticulture. Sites include features such 
as earth and timber lodges, storage and trash pits, fireplaces, and burials (Bozell 2005). 
The most studied Plains Woodland site in the Sand Hills is the Kelso site (25HO23). 
The site was discovered in the late 1940s during investigation of the Mullen 
reservoir by the RBS program. Marvin Kivett (1952) and Ronald Kivett (1973b) describe 
the site as a semi-permanent Late Plains Woodland village, possibly representative of the 
Orleans aspect. The site does not appear to conform to a typical village layout, but this 
may be a consequence of limited excavation (less than 25 percent of the site was 
investigated). The broad time period for the Kelso occupation is A.D. 100-1150; a single 
radiocarbon date from one of the hearth features at Kelso dates to A.D. 800±200 
(1150±200 yr B.P.; Crane and Griffin 1960). This date was recently recalibrated by 
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Napier et al. (in press) to cal A.D. 536-1267 (2σ). The Kelso site is currently listed on the 
National Register of Historic Places (NRHP, Ref. #74001123) as an example of an 
extended occupation Woodland site in the Sand Hills.  
 
Central Plains Tradition 
The Central Plains tradition (AD 1000-1400) is the designation given to the first 
groups of truly sedentary peoples on the Great Plains. Longstanding structures were built 
utilizing wattle and daub construction, and food production played a much larger role in 
the subsistence economy (some estimate approximately 30-50% of subsistence; Bozell 
2005; Roper 2007). Rather than large-scale, organized settlements, small family groups 
arranged themselves in fairly autonomous “homesteads” in resource-rich areas (Roper 
1995, 2007). Archeological remnants from this period include bison scapula hoes (early 
evidence of cultivation), side-notched projectile points, ground-stone technology, bell-
shaped storage and refuse pits, globular ceramic vessels, and increasingly abundant and 
elaborate pottery (Koch 2004).  
The McIntosh site (25BW15) lies at the southeast edge of Enders Lake in the 
Sand Hills. The site, occupied during the CPt, is the first-excavated and (so far) only 
known habitation site along a lake in the region (Ludwickson and Bozell 1986a; Koch 
2004). As seen in Figure 2.6, the site lies outside of the traditional Itskari phase area, 
which mainly includes riparian forest environments at the confluence of the three 
branches of the Loup River. Koch (2004) points out that the site represents a unique 
variant of common CPt elements in a new setting (along a lake rather than a river or 
stream). Like the Kelso site, the McIntosh site lies along a county road and was 
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uncovered during construction. Nebraska State Historical Society (NSHS) archeologists 
were contacted and discovered that roughly 80 percent of the site was already destroyed. 
Salvage excavations were carried out in order to preserve what information and materials 
were left. 
      	
Figure 2.6. McIntosh site location relative to CPt phase home ranges (from Koch 1995:40, Fig. 1). 
                
 
Ludwickson and Bozell characterize the site as belonging to the Central Plains 
tradition, specifically the Itskari phase (A.D. 1100-1350), based on the artifact 
assemblage (further details in Chapter 3) and the presence of storage pits. One recovered 
pottery fragment appears to be older, possibly belonging to the Woodland period, perhaps 
indicating a prior occupational component at the site. Ludwickson and Bozell (1986c) 
postulate that the site either functioned as a seasonal “oasis” for peoples journeying to 
northwest Nebraska for lithic resources, or as a year-round occupation site (at the time of 
their report, there was not enough evidence to concretely support either hypothesis). 
Koch’s analysis (1995, 2004) of the McIntosh site is largely in concordance with 
		 	 	 	
22
Ludwickson and Bozell’s assessment. Koch agrees that it is a CPt site, based on material 
culture analysis and radiocarbon assays indicating occupation between A.D. 1200-1450 
(though whether these dates represent a single, continuous occupation or multiple 
occupations is unclear). Koch (2004) supports the hypothesis for a long(er)-term 
occupation at the site rather than a temporary camp, based on architectural evidence like 
postholes and daub, horticultural evidence of cultigens and associated tools, and the 
seasonal signatures of faunal assemblages. Koch (1995) indicates that the faunal diversity 
is low for a CPt site, with large percentages of fish and bison remains as compared to 
birds, reptiles, small mammals, and ungulates. Other CPt sites display more balanced 
faunal assemblages with respect to these categories, usually with a much higher reliance 
on small mammals and deer and less reliance on fish (Koch 2004:114). This may be a 
result of the location of McIntosh on the edge of a large, perennial lake and opportunistic 
resource exploitation by site occupants.  
 
Dismal River 
The Dismal River aspect, part of the larger Protohistoric period, is the name given 
to the period that succeeded the Central Plains tradition and lasted until European contact 
in the Great Plains. Sites are found in western Nebraska, eastern Colorado, southern 
Wyoming, and northwest Kansas, with many but not all sites located along rivers and 
streams. Gunnerson describes Dismal River aspect sites as displaying “simple” material 
culture, a mixed subsistence economy with a focus on hunting supplemented by 
horticulture, and semi-permanent occupation sites “with little concern for defensibility” 
(Gunnerson 1960:141). Trabert (2014, 2015) expands on this description, arguing for 
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more variation within the taxon, especially with regards to ceramic assemblages. 
Ceramics are the most diagnostic material culture from the period. Trabert contends that 
there are differences between eastern (Nebraska and Kansas) and western (Colorado and 
Wyoming) sites; eastern sites show evidence of a more sedentary lifestyle with a higher 
reliance on horticulture and food storage, while western sites appear to be more 
temporary, lacking in evidence for cultivation or storage. In addition, Schleiser (1972) 
argued for a northern variant that primarily contained sites from the Sand Hills, but this 
classification has never been widely accepted by the scholarly community (Trabert 2015).   
The Humphrey site (25HO21) was initially discovered during RBS fieldwork for 
the Mullen Reservoir and is located just west of the Kelso site along the Middle Loup 
River outside Mullen, Nebraska (Kivett and Hughes 1947). RBS crews performed limited 
investigations and uncovered much cultural material (see Chapter 3). Kivett and Hughes 
concluded that the site was worthy of further investigation and might yield considerable 
information. NSHS personnel returned in 1949 for further investigation. 
Gunnerson (1960) describes the Humphrey site as containing postholes, 
fireplaces, and floors, along with multiple types of pits. Pottery from the site corresponds 
to other Dismal River sites in southern Nebraska, while there is a relative scarcity of 
stone and a relative abundance of worked bone. Gunnerson also called for further 
investigation as the site is less damaged by erosion than other Dismal River sites. The site 
is currently listed on the NRHP (Ref #74001122).  
 
Movement in the Sand Hills 
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We can offer generalizations about mobility and the development of “places” in 
the Sand Hills during the peri-MCA. Watson (2002) reports on a variety of sites in the 
region identified through pedestrian survey along tributaries of the Loup River in the 
southeastern portion of the Sand Hills. The areas Watson and his crew focused on are due 
east from Hooker County (Kelso and Humphrey sites) and due south from Brown County 
(McIntosh site), situated along the North Loup drainage system. Watson notes that 
although little evidence of timber or other building materials was found, the abundance of 
pottery indicates that these sites were more permanently occupied (or reoccupied) than 
traditional temporary hunting camps. Artifacts recovered by Watson and his colleagues 
from surface collection, testing, and donations from private collectors support arguments 
by other scholars for thousands of years of use and occupation of the Sand Hills dating 
back to Paleoindian times (Watson 2002).  
Napier et al. (2012) discusses Plains Woodland sites and their proportions of 
chipped stone from different geographic areas relative to the site. The majority of 
materials came from the west, north, or northeast; no materials from these sites were 
sourced to southern Nebraska and/or northern Kansas. Conversely, in later complexes 
such as the CPt, chipped stone raw materials appear to be coming predominately from the 
west and south, as well as increased utilization of local cobbles (Napier et al. 2012). 
There is a distinct lack of materials from the north and northeast, in contrast to the earlier 
Woodland period. Gunnerson (1960) and Trabert (2014, 2015) also argue for a 
relationship between later Plains groups, like occupants of Dismal River sites, with 
groups from the southwest, though they differ on the degree of affinity. Gunnerson 
alternately refers to the Dismal River aspect as Plains Apache, suggesting a very strong 
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relationship, while Trabert argues for a less direct relationship, particularly for groups 
from eastern Dismal River sites. 
These data, though sparse, appear to indicate a changing human landscape in the 
Sand Hills before, during, and after the MCA. In the period before dune activation, 
evidence from sites in the central Sand Hills suggests exploitation by groups from the 
west, north, and northeast. During and after the MCA, we see a change in that groups 
utilizing the region are now from the west and south, and are making more use of 
localized resources. This study builds on Napier and colleagues’ (in press) results, 
investigating whether ceramic materials from the pre-MCA period are similar in terms of 
raw material to those from the peri- and post-MCA or whether these material sources 
differ through time. 
 
Conclusions 
 The Sand Hills region has a dynamic history, both in terms of climate and human 
occupation. We know that the region is sensitive to episodes of climate change, 
particularly warm, arid periods. In addition to the dune reactivation during the MCA, 
there have been several other periods of reactivation over the last 8,000 years (see Figure 
2.4). We also know that humans have been exploiting resources in the Sand Hills for 
thousands of years, whether they were residing in the area long-term or coming 
temporarily on hunting forays. It is unclear whether groups maintained year-round or 
seasonal occupations in the Sand Hills throughout the MCA, or whether the area was 
abandoned and re-occupied once conditions ameliorated. Much of the formal 
archeological record from the Sand Hills was created in the mid-twentieth century, when 
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the culture history paradigm was dominant and many empirical techniques for 
investigating artifacts had yet to be invented. Now, with modern technology and modern 
theoretical frameworks, we can begin to delve deeper into how peoples in the Sand Hills 
lived and responded to changing conditions around them. 
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Chapter 3 – Site Descriptions and Sampling Strategies 
 This chapter provides descriptions of site location, stratigraphy, and associated 
cultural materials for the archeological sites of Kelso (25HO23), McIntosh (25BW15), 
and Humphrey (25HO21). I outline the field collection methods used for soil samples. I 
also provide descriptions of the ceramic samples from each site. 
 
Site Descriptions 
Kelso (25HO23) 
 The Kelso site sits on a knoll between the old Nebraska Highway 2 and the 
railroad right-of-way 5 miles outside of Mullen, Nebraska. Kivett describes the site as 
“buried beneath a rounded sand dune at the northwest end of a long gradual slope 
extending in a general north-south direction from the uplands to the valley of the Middle 
Loup River” (1952:35). There is a large degree of overburden and sterile sand that covers 
the cultural layer at the site, in some places reaching 3 meters; Kivett (1949) states 
multiple times in his field notes that large earth-moving equipment would be necessary 
for complete excavation. The crew worked by cleaning a vertical face where the knoll 
had been cut into, and then excavating in 1.5 m (5 ft) sections. Kivett tells that 
maintaining this face was difficult and they often returned to the site to find that slumping 
had occurred in their absence.  
The culturally sterile overburden layer ranged in thickness from approximately 
0.3 to 2.7 m (1 to 9 ft). Underneath, the cultural zone varied in thickness from 0.75 to 1.1 
m (2.5 to 3.4 ft) and was “rather uniformly black and charcoal stained throughout except 
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where disturbed by rodent burrows” (Kivett 1952:35). No natural levels were apparent in 
the cultural zone. See Figure 3.1 below for the modern soil profile. 
 
Figure 3.1. Profile of excavation unit at Kelso where sediment samples were collected (modified from 
Napier 2012 to include samples from this study). 
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 Features uncovered at Kelso include two hearths located approximately 1.6 m (5.3 
ft) below surface. The features are 1.2 m (4 ft) apart and contain charcoal and burned 
earth. Burned limestone was also recovered. The single radiocarbon date from the site, 
sample M-637, is on wood charcoal from the northernmost of these hearths, Feature 2, 
and dates to roughly A.D. 800 (1150±250 YBP; Crane and Griffin 1960:39; recalibration 
by Napier et al., in press, in previous chapter). Many ceramic fragments were recovered 
from the site, along with stone tools and one bone awl. Faunal remains include, in 
descending percentage order, deer and antelope, water birds, box turtles, bison, beaver, 
and several species of rabbit (Kivett 1952). No other pits or features were observed. 
 
McIntosh (25BW15) 
 The McIntosh site is located on the southeast edge of Enders Lake, on a “gently 
sloping dune face” that overlooks the water (Koch 2004:11). Enders Lake is one of many 
lakes in the area. The lake covers 145.7 ha and ranges in depth from 1.5 to 3.5 m. The site 
itself is nearly 1.2 ha in size, encompassing 31 features including storage/refuse pits, 
structural remains, and “basin-shaped features”. Koch describes the site stratigraphy as 
follows (see Figure 3.2 and 3.3 below): 
The primary cultural deposit is contained with a 5-10 cm-thick band of dark gray, 
mottled sandy soil with cultural materials, bones, and charcoal common. The 
cultural zone is covered with about 20 cm of sandy sod overburden…In some 
locations, a several-centimeter-thick deposit of banded alluvium was noted at the 
contact between the cultural zone and the sod overburden. Below this cultural 
horizon lies a paleosol 40-50cm thick. (Koch 2004:11) 
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Figure 3.2. Profile of excavation unit at McIntosh where sediment samples were collected (modified from 
Napier 2012 to include samples from this study). 
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Figure 3.3. Profile of McIntosh, adapted from Koch (2004:19, Fig. 13). Zones are as follows: (1) root/sod 
zone; (2) banded alluvium; (3) dark mottled sand; (3a) charcoal lens in zone 3; (4) massive paleosol, 
leached; (5) massive paleosol, unleached; (6) clean, light sand. The cultural layer comprises zones 3 and 3a 
(shaded). 
 
 
As previously stated, the site was discovered during a road construction project in 
Brown County. Archeologists were called and, upon arrival, discovered a surface scatter 
consisting of chipped stone tools and debitage, ceramic fragments, bison bones, and 
charcoal on the bladed road surface (Ludwickson and Bozell 1986a,b,c). Subsequent 
excavation uncovered features including hearths and storage pits, which were previously 
unknown in the Sand Hills (Ludwickson and Bozell 1986c), as well as postholes and 
evidence of cultigens (Koch 2004). Ceramic specimens included vessel fragments and a 
possible pipe fragment. The faunal assemblage recovered at the site is unusual for a CPt 
site. Fish bones are prevalent in addition to bison, with smaller percentages of small 
mammals, reptiles, and birds. A total of 266 modified bone specimens were recovered, 
the majority of which are utilitarian tools made of bison bone; smaller bones were used 
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for ceremonial or decorative purposes. Of the nearly 15,000 unmodified bone fragments, 
almost 4,000 were identified by species, with an overwhelming majority of fish bones, 
followed by bison, reptiles and amphibians, small mammals and birds, and deer (Koch 
2004).  
Several samples have been dated from the site: three charcoal samples and two 
floral samples. Table 3.1 provides these results below. Features were excavated as whole 
entities, as none exhibited “obvious stratified deposits” (Koch 2004:11). As argued by 
Roper and Adair (2011) and discussed later in Chapter 6, the dates from the annual 
botanical samples likely more accurately reflect the direct period of occupation versus the 
charcoal samples. 
 
Table 3.1. Dated material from the McIntosh site (from Koch 2004, Table 4). Recalibration of dates by 
Napier et al. (in press). 
Sample Material Provenience Uncalibrated 
Age (B.P.) 
Date Ranges 
(years A.D.) 
Recalibration 
(cal A.D.)  
WIS-
2312 
Charcoal Feature 8702 
(pit feature) 
510±50 1406 (1425) 
1441 
1318-1351 (14%) 
1390-1450 (81%) 
WIS-
2313 
(rejected) 
Charcoal Feature 8701 
(pit feature) 
< 300 (not 
calibrated) 
n/a 
WIS-
2314 
Charcoal Feature 8819 
(pit feature) 
650±60 1292 (1302) 
1329; 
1348 (1373, 
1381) 1392 
1266-1411 
AA41428 Maize Feature 8704 
(pit feature) 
740±41 1219-1377 1212-1303 (92%) 
1366-1383 (3.4%) 
AA41429 Marsh 
elder 
Feature 8701 
(pit feature) 
761±40 1277-1396 1190-1294 
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Humphrey (25HO21) 
 The Humphrey site occupies the same river valley, the Middle Loup, as the Kelso 
site, sitting just to the west on a terrace on the south side of the Middle Loup River. It sits 
approximately 6 m (20 ft) above the flood plain. Kivett estimated that the site was 
roughly 91.5 m (300 ft) in diameter (Gunnerson 1950, 1960). At the time of its 
excavation in 1949, the cultural layer at Humphrey was covered with 0.3 to 0.9 m (1 to 3 
ft) of sterile overburden. Kivett (1952) notes this in contrast to the Kelso site; neither 
Humphrey nor the other nearby Dismal River sites had more than 1.2 m (4 ft) of sterile 
sand atop the cultural zone. In 1949, the area had just recently been utilized for 
cultivation (Gunnerson 1960). Today, the site area is used for cattle grazing and the soil 
has been compacted. Our excavations yielded cultural material within 0.5 m of the 
surface, including ceramic fragments, lithic debitage, and a bone awl. 
Upon its initial discovery in 1947, RBS crews performed exploratory excavations 
and uncovered “Dismal River-like sherds”, triangular projectile points, worked flint, a 
scapula hoe fragment, and two awls. They also observed burned limestone and faunal 
remains. Returning in 1949, NSHS crews uncovered postholes containing rotted wood, a 
fireplace, and at least seven pits, some containing artifacts and animal bones. One such 
pit was nearly 1.2 m (48 in) in diameter and contained ash, charcoal, and river pebbles; it 
is identified as a potential roasting pit. Charred corn was also discovered, leading to 
questions about its origin in trade or cultivation (Kivett 1973a).  
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Figure 3.4. Profile of excavation unit at Humphrey site where sediment samples were collected. 
 
 
 
Field Collection Methods for Soil Samples 
 Soil samples for OSL dating were collected during the summer of 2013 as part of 
the University of Nebraska-Lincoln (UNL) Archeological Field School. Each of the sites 
is on private property, and was sampled with permission from landowners. Students and 
graduate teaching assistants carried out sample collection, under the supervision of Dr. 
Matthew Douglass and following instructions from Dr. Ronald Goble of the UNL 
Luminescence Geochronology Laboratory. At each site, a face was exposed to identify 
the cultural layer. Samples were collected vertically in metal tubes (6 cm diameter, 28 cm 
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length), hammered into the ground behind the exposed face. Tubes were covered at each 
end with layers of Styrofoam and duct taped upon removal from the ground. Two sample 
tubes were collected per site, and were staggered vertically to collect sediments from 
above and below, as well as in, the cultural layer. Tubes were labeled with the site 
number, sample number, lines indicating the cultural layers, and “top” and “bottom.” 
Top-most portions from the samples were omitted during laboratory preparation as they 
were exposed to sunlight during sample collection. Post-field, the contents of each 
sample tube were split into sections for dating. In most cases, two samples were taken 
from each tube (as indicated in figures, above). Table 3.2 shows the number of samples 
analyzed from each site. Horizontal samples were not collected. 
 
Table 3.2. Number of soil and ceramic samples per site for OSL dating. 
Site Soil Samples Ceramic Sherds 
25BW15 (McIntosh) 4 3 
25HO21 (Humphrey) 5 3 
25HO23 (Kelso) 4 3 
 
 
Ceramic Samples 
 Ceramic samples were obtained from the Nebraska State Historical Society 
(NSHS) archeological collections. These collections are the result of excavations carried 
out some decades ago; as such, field records concerning provenience information are 
somewhat vague or non-existent in certain cases. Ninety sherds total (30 sherds per site) 
were selected from multiple proveniences to provide a representative sample from each 
site as a whole. The sample consisted overwhelmingly of body sherds; only one rim sherd 
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was included. Of the sherds loaned, three larger sherds were chosen from each site for 
OSL analysis on the grounds that a larger sample amount is required for accurate testing 
(see Appendix B). Twenty-five sherds per site were selected for INAA (see Appendix D). 
None of the sherds were subjected to both OSL and INAA analysis. 
 
Kelso (25HO23) 
 Sherds from the Kelso site have been designated as Ash Hollow Cord Roughened 
(Kivett 1952). The majority of sherds are sand-tempered, with some exhibiting clay 
temper. Cord impressions are found on the exterior surface. None of the sherds from 
Kelso used in this analysis had a smooth exterior surface; the majority of sherds were 
cord roughened to varying degrees, though some were textured due to spalling or 
breakage. 
 
Figure 3.5. Example of exterior surface treatment on sherds from Kelso. The “NGPxxx” number was 
assigned for purposes of submission for INAA. 
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McIntosh (25BW15) 
Remnants of a minimum of 46 vessels were recovered from excavations at the site 
(Koch 2004). All ceramics from the McIntosh site are sand-tempered. Surface treatments 
range from smooth to smooth cord-marked to cord-marked. Of the sherds used for this 
study, most were either smooth cord-marked or cord-marked. Body sherds were used that 
were not attributable to any of the 46 vessels. The sample included 26 sherds from 
different identified features and 4 sherds from a donated surface collection. 
 
Figure 3.6. Example of exterior surface treatments on sherds from McIntosh. Note the difference in color 
between the sherds and the hole in sample 25BW15-282 (right). 
   
 
 
Humphrey (25HO21) 
 Pottery from the Humphrey site closely resembles pottery from other Dismal 
River sites in Nebraska. Paste is “fine textured and definitely gritty,” with a range in 
temper from none to “moderate amounts of fine sand” (Gunnerson 1960:189). Surface 
treatments are more varied in this assemblage than those of Kelso or McIntosh; sherds 
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vary in texture from “smooth and almost polished to deeply simple stamped” (Gunnerson 
1960:189). Many sherds are buff or gray in color with a few black specimens.  
 
Figure 3.7. Example of exterior surfaces on sherds from Humphrey. 
   
  
Upon completion of analyses, sherds will be returned to the NSHS collections. 
Remaining sediment and ceramic sample material from OSL analyses will be archived at 
the UNL Luminescence Geochronology Laboratory. Remaining ceramic sample material 
from INAA will be archived at MURR Archaeometry Laboratory at the University of 
Missouri-Columbia. 
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Chapter 4 – Optically Stimulated Luminescence Dating of 
Sediments and Sherds: Methods and Results 
 
 
 This chapter focuses on OSL dating, including background information, the 
methodology employed for this study, analytic results, and initial interpretation of the 
data. Broader synthesis of the results, in conjunction with other analyses, can be found in 
Chapter 6. 
 
Background 
 OSL dating is an absolute dating technique that relies upon interpretation of 
trapped electrons accrued over time by the sample material (in this instance, soil samples 
and ceramic sherds). Different types of ionizing radiation (alpha, beta, gamma, and 
cosmic rays) free electrons that are naturally absorbed by materials at various rates until a 
“zeroing event,” when said electrons are released from the material. This can occur due to 
exposure to sufficient light or heat. Upon cessation of exposure to sufficient light 
(deposition or burial) or heat (cooling or end of use-life), electrons begin to accrue again. 
Luminescence dating (OSL and thermoluminescence, or TL) recreates this “zeroing 
event,” releasing trapped electrons and causing the sample to luminesce. The goal then is 
to recreate that luminescence with known laboratory doses of radiation. Once the dose is 
determined (in grays, Gy), the chemistry of the sample must be analyzed via gamma 
spectrometry to determine how much of the radiation is from alpha, beta, gamma, and 
cosmic rays, respectively, as each type has a different dose rate. Upon determination of 
the dose and dose rate described above, the researcher can then determine when the 
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zeroing event took place, effectively dating the sample. For OSL dating, the date usually 
reflects the time of deposition or burial (Aitken 1990, 1994, 1998; Bøtter-Jensen et al. 
2003; Huntley et al. 1985; Murray and Wintle 2000; Wintle and Murray 2006). 
OSL dating is currently one of the most successful dating methods used in the 
Sand Hills. As discussed above, this technique has primarily been used in geologic and 
paleoclimate studies to date stratigraphic layers within the dunes themselves, providing a 
chronology for dune formation and periods of stabilization following reactivation (Goble 
et al. 2004; Mason et al. 2004; Mason et al. 2011; Miao et al. 2007; Schmeisser et al. 
2009; Schmeisser McKean et al. 2015; Stokes and Swinehart 1997). However, the 
archeological applications of OSL have not yet been fully explored for sites and cultural 
materials from the Sand Hills. 
There are many archeological applications for OSL. Not only can it be used to 
date materials like ceramics, but it can also be used for authentication purposes, in which 
an exact date is not necessary but it must be known whether the sample is 100 or 1,000 
years old (Leung et al. 2005); determining sensitivity changes to irradiation in samples 
(Tso and Li 1994); determination of firing temperature (above or below 600 °C; 
Polymeris et al. 2007); and retrospective dosimetry, as in the case of the Chernobyl 
disaster where OSL was used to determine how much radiation exposure occurred at 
different locations in the complex and how much protection different materials offer 
(Bailiff 1995). 
When using different dating techniques, questions arise about the comparability 
of the time scales and how those dates relate to one another. Magee et al. (2009) found 
success in using radiocarbon, U-series, and luminescence dating on emu eggshell 
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fragments and the soil found within the shell; all ages overlapped within one standard 
deviation. Lai et al. (2014) found more problematic results, with radiocarbon dates from a 
shell bar in China thousands of years younger than the corresponding OSL dates; Lai et 
al. argue that there was some form of contamination in the shell sample, whether natural 
or laboratory-induced, that caused the age underestimation. Results from stratigraphic 
layers at Ngarrabullgan Cave in Australia indicate that calibrated radiocarbon dates and 
OSL dates are in agreement around the 30-40 kya time period, which is especially 
significant given the radiocarbon limit (David et al. 1997).  
Feathers (2003) highlights a number of issues with comparing luminescence (OSL 
or TL) dates and radiocarbon or other dating techniques like dendrochronology. Often 
these techniques are targeting different events – OSL targets depositional events whereas 
radiocarbon dating targets the death of sampled organisms whereas dendrochronology 
targets when a tree stops growing. The apparent disagreement in resulting dates may be 
interpreted as a fault in the technology or sampling strategy, when in fact the dates are 
correctly representative of different points in time.  
 
Sample Preparation Methods 
 Sample preparation was largely the same for both sediment and ceramic samples. 
Preparation was carried out in amber light conditions. For the sediment samples, metal 
tubes used for field collection were cut using a Dremel rotary tool. Each tube was cut 
length-wise on opposite sides and then split open. Samples were collected from the inner 
core of the sample to minimize the possibility of light exposure. As stated above, sample 
material from the ends was not used for luminescence purposes due to light exposure 
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during sample collection, but was utilized for water content and chemical composition 
analyses.  
 For ceramic samples, each sherd was cut roughly in half to retain sample integrity 
upon return to the NSHS collections. The surface of the cut portion was then ground 
using a Dremel grinder tool to remove the outer 2-3 mm from all surfaces in order to 
remove bleached grains. Sherds were then crushed in a vice and finely ground using an 
agate mortar and pestle and processed in the same manner as soil samples, described 
below. 
Samples were wet-sieved in order to isolate 90-150 µm and 150-250 µm 
fractions. For the soil samples, the 150-250 µm fraction was archived for potential future 
use. For ceramic samples, due to the small size of each sample, all 90-250 µm grains 
were used in analysis. After wet-sieving, the isolated fraction was treated with 
hydrochloric acid (HCl) to remove carbonates. Quartz and feldspar grains were extracted 
by flotation using a 2.7 gm/cmP3 P solution of sodium polytungstate. Concentrated 
hydrofluoric acid (HF) was applied for 60 minutes to etch the outer surface of grains. 
Finally, each sample was resieved using a 75µm mesh, discarding smaller grains. 
Appendix C provides laboratory preparation techniques in detail.  
Aluminum discs (aliquots) of 1 cm diameter were used. The discs were covered 
with a 5 mm mask for survey runs and a 2 mm mask for regenerative, preheat plateau, 
thermal transfer, and dose recovery runs. Aliquots were sprayed with Silkospray, a 
silicone-based lubricant, and placed onto the sample to collect a single layer of grains. 
Finally, the discs were transferred to a 48-slot wheel used inside the Risø readers. 
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The goal of this procedure is to isolate grains of a uniform size and material. 
Different grain sizes and materials absorb radiation at different rates; therefore, grains of 
varied sizes and material types would luminesce differently and provide a wide range of 
results. Isolation of quartz grains of 90-150 µm (90-250 µm for ceramic samples) helps to 
ensure that the grains being dated have absorbed radiation more uniformly and will 
luminesce more uniformly.  
Chemical analyses were performed using a high-resolution gamma spectrometer. 
Chemistry and water content were analyzed for all soil samples (see Table 4.1 and 
Appendix A). For ceramic samples, average water content from each site was used.  
Due to the small size of the sherds and the very limited sample recovered in 
processing, chemistry was not analyzed from the dated ceramic material itself. This was 
due to a goal of preserving half of the dated sherds for other types of analyses in the 
future. Initially, this presented a problem. However, since the OSL was done in 
conjunction with INAA, chemical data was available for the remaining sherds in the 
sample (25 per site), particularly K, Th, and U values. This data was averaged for each 
element for each site and those values were used to calculate internal dose rates for each 
sherd. K values were converted to KR2RO. Dose rates were calculated according to Aitken 
(1998). 
 
Analytical Methods 
Measurements were taken using Risø Automated OSL Dating System Models 
TL/OSL-DA-15B/C and TL/OSL-DA-20 readers, equipped with blue and infrared 
diodes. The single aliquot regenerative (SAR) protocol was used for this analysis 
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(Murray and Wintle 2000). This protocol provides for independent measurements of 
single aliquots that are corrected for sensitivity change using a repeated constant test 
dose. 
Initial survey runs were performed using 5-7 aliquots of each sample and a 5mm 
mask. Subsequent runs comprised multiple aliquots from one sample using a 2mm mask. 
Preheat plateau (PP), thermal transfer (TT), and dose recovery (DR) runs were also 
performed. PP, TT, and DR runs were performed on two soil samples and one ceramic 
sample as representative. A minimum of 50 aliquots per sample was used for data 
reduction (Rodnight 2008) for samples with sufficient material; all samples utilized at 
least 35 aliquots (see Table 4.1). Aliquots were evaluated for recycling ratio (0.9<x<1.1) 
and n-sigma (x<2.0), strong fast components (Durcan and Duller 2011), and absence of 
significant feldspar as determined by monitoring the infrared response to a test dose. 
Calculation of sample DReR values was carried out using the Central Age Model (CAM; 
Galbraith et al. 1999), unless the DReR distribution (asymmetric distribution; decision table 
of Bailey and Arnold 2006) indicated that the Minimum Age Model (MAM; Galbraith et 
al. 1999) was more appropriate. In Sand Hills studies, indication of MAM is understood 
as evidence of partial bleaching of the samples.  
 
Results 
 A summary of the OSL results is provided in Table 4.1 with relevant soil 
chemistry information; complete results are available in Appendix A. OSL dates are 
given in thousands of years ago (ka). Dates are converted to A.D. years by subtracting the 
optical age from the year of field recovery. For soil samples, dates are measured from 
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A.D. 2013; dates of field recovery for specific ceramic samples are provided below. For 
each date, both in-text and in Table 4.1, the age model used is indicated (CAM or MAM; 
Galbraith et al. 1999). Results are reported with 1σ standard error range, as is standard 
with OSL dating. Table 4.2, which follows Table 4.1, provides proveniences within each 
site for the sherds used in dating.  
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Table 4.1. Summary of results of OSL analyses. Sediment samples are placed in depth order from the surface; asterisks indicate that the sample was taken from 
the cultural layer. See Appendix A for complete data table. 
Sample ID Material Depth 
below 
surface (m) 
In situ 
HR2R0 
(%) 
KR2R0 (%) U (ppm) Th (ppm) Dose Rate 
(Gy/ka) 
DReR ± 1 
std. err. 
(Gy) 
Aliquots 
(n) 
Optical Age 
± 1 std. err. 
(ka) 
Age 
ModelP
c 
KELSO            
UNL-3789 Sediment 0.68 6.46 2.24±0.07 1.83±0.15 6.83±0.36 2.83±0.11 2.40±0.05 51 0.85±0.04 CAM 
UNL-3789A Sediment 0.78 6.28 2.29±0.07 1.72±0.14 6.84±0.39 2.85±0.11 1.93±0.16 56 0.68±0.06 MAM 
*UNL-3787 Sediment 0.93 6.19 2.22±0.07 1.42±0.14 6.80±0.36 2.72±0.10 2.09±0.12 51 0.77±0.05 MAM 
*UNL-3788 Sediment 0.97 6.47 2.23±0.07 1.67±0.14 6.27±0.35 2.74±0.10 2.53±0.06 51 0.92±0.04 MAM 
UNL-4043Pa,b Ceramic 1.62 6.35 2.96±0.07 2.55±0.14 11.65±0.37 3.80±0.13 3.01±0.03 43 0.79±0.03 CAM 
UNL-4044Pa,b Ceramic 1.62 6.35 2.96±0.07 2.55±0.14 11.65±0.37 3.86±0.13 3.16±0.03 80 0.82±0.03 CAM 
UNL-4045Pa,b Ceramic 1.62 6.35 2.96±0.07 2.55±0.14 11.65±0.37 3.80±0.13 3.15±0.00 48 0.83±0.03 MAM 
            
MCINTOSH            
UNL-4001 Sediment 0.18 0.5 1.63±0.04 0.84±0.08 3.90±0.19 2.09±0.07 0.14±0.05 46 0.07±0.02 MAM 
*UNL-3999 Sediment 0.35 2.5 1.61±0.04 0.80±0.09 3.72±0.19 1.99±0.07 0.62±0.10 38 0.31±0.05 MAM 
*UNL-4002 Sediment 0.37 0.5 1.69±0.04 0.91±0.08 3.97±0.19 2.15±0.07 0.53±0.03 46 0.24±0.01 MAM 
UNL-4000 Sediment 0.65 2.3 1.70±0.04 0.89±0.08 4.22±0.19 2.12±0.07 1.28±0.26 70 0.60±0.12 MAM 
UNL-4046P a,b Ceramic 0.25 1.45 3.06±0.04 2.57±0.08 12.10±0.19 4.17±0.13 2.19±0.02 52 0.53±0.02 CAM 
UNL-4047P a,b Ceramic 0.26 1.45 3.06±0.04 2.57±0.08 12.10±0.19 4.17±0.13 2.19±0.03 35 0.52±0.02 CAM 
UNL-4048P a,b Ceramic 0.26 1.45 3.06±0.04 2.57±0.08 12.10±0.19 4.17±0.13 2.06±0.05 53 0.49±0.02 MAM 
            
HUMPHREY            
UNL-3790 Sediment 0.10 14.63 1.95±0.06 1.62±0.14 5.02±0.35 2.25±0.10 0.31±0.04 53 0.14±0.02 MAM 
UNL-3791 Sediment 0.21 6.58 2.07±0.06 1.50±0.15 5.57±0.33 2.55±0.10 0.44±0.04 52 0.17±0.02 MAM 
*UNL-3792 Sediment 0.25 7.57 2.03±0.07 1.31±0.13 6.17±0.37 2.49±0.10 0.73±0.00 52 0.29±0.01 MAM 
*UNL-3793 Sediment 0.32 0.7 1.88±0.04 0.96±0.08 4.28±0.21 2.35±0.08 1.04±0.04 47 0.44±0.02 MAM 
UNL-3794 Sediment 0.44 0.5 1.82±0.04 0.98±0.08 4.06±0.20 2.29±0.08 2.52±0.09 40 1.10±0.05 MAM 
UNL-4040P a,b Ceramic 0.33 6.00 2.79±0.06 2.80±0.11 10.47±0.29 3.69±0.12 0.98±0.03 52 0.27±0.01 MAM 
UNL-4041P a,b Ceramic 0.38 6.00 2.79±0.06 2.80±0.11 10.47±0.29 3.69±0.12 1.11±0.02 51 0.30±0.01 MAM 
UNL-4042P a,b Ceramic 0.25 6.00 2.79±0.06 2.80±0.11 10.47±0.29 3.69±0.12 1.08±0.04 44 0.29±0.01 MAM 
P
a
PDepth (m) was approximated using available information from original field documents (documents provide depth ranges, e.g. 6-24”). 
P
b
PChemical data (KR2R0, U, Th) was estimated by using the average values from each site for INAA (n=25 per site). Water content averaged from sediment samples. 
P
c
PGalbraith et al. 1999
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Table 4.2. Proveniences for each sherd dated using OSL. Proveniences are from field documents from 
NSHS. 
UNL ID NSHS ID Site Provenience 
UNL-4040 H25HO21-665 Humphrey N465 E10, 6-20” 
UNL-4041 H25HO21-998 Humphrey N480 W4, 6-24” 
UNL-4042 H25HO21-1463 Humphrey N495 W4, 6-14” 
UNL-4043 25HO23-19 Kelso Zone A 
UNL-4044 25HO23-180 Kelso S25 
UNL-4045 25HO23-266 Kelso S25 E20 
UNL-4046 25BW15-131-21 McIntosh Feature 8701 
(cylindrical pit) 
UNL-4047 25BW15-893 McIntosh Feature 8806 
(truncated pit) 
UNL-4048 25BW15-902 McIntosh Feature 8806 
(truncated pit) 
 
 
Kelso (25HO23) 
 Three of the four sediment samples from the Kelso site show evidence of partial 
bleaching, thus the MAM is used (Bailey and Arnold 2006). Samples UNL-3789 and 
UNL-3789A are from above the darker (presumably cultural) layer, from 0.68 m and 0.78 
m respectively. Sample UNL-3789 dates to 0.85±0.04 ka, using the CAM (A.D. 
1163±40). Sample UNL-3789A dates to 0.68±0.06 ka, using the MAM (A.D. 1333±60). 
It is important to note that while UNL-3789A appears younger but underlies UNL-3789, 
the MAM was used for UNL-3789A as partial bleaching is evident. Two soil samples 
were dated from the cultural layer. UNL-3787, from a depth of 0.93 m, dates to 
0.77±0.05 following the MAM (A.D. 1243±50). UNL-3788, at 0.97 m, dates to 
0.92±0.04 ka using the MAM (A.D. 1093±40).  
 Ceramic samples from the Kelso site yielded dates that are concordant with the 
sediment sample dates. Excavations took place in 1949; dates are calculated from this 
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year. Exact depth data was not available for these samples, so an average depth of 1.62 
m was used based on Kivett’s field notes and the field specimen catalog (average depth 
of sterile overburden plus the mean depth of the cultural deposit). UNL-4043 dates to 
0.79±0.03 ka (CAM; A.D. 1159±40). UNL-4044 dates to 0.82±0.03 ka (CAM; A.D. 
1129±30). UNL-4045 dates to 0.83±0.03 ka (MAM; A.D. 1119±30). 
 Evaluation of optical ages from Kelso sediment samples shows that they are not 
stratigraphically consistent; the shallowest sample provides one of the oldest dates. 
However, many of the sediment dates overlap when reported at 2σ standard error.  
 
McIntosh (25BW15) 
 All soil samples from the site showed evidence of partial bleaching, thus I 
employed the MAM in age calculations. The radiocarbon-based range of occupation for 
McIntosh is A.D. 1200-1450 (Koch 2004). UNL-4001, the shallowest soil sample at 0.18 
m, dates to 0.07±0.02 ka (A.D. 1943±20). The cultural layer at McIntosh measures from 
approximately 30-50 cm below the surface. UNL-3999, at a depth of 0.35 m, dates to 
0.31±0.05 ka (A.D. 1703±50). UNL-4002, at 0.37 m, dates to 0.24±0.01 ka (A.D. 
1773±10). One soil sample, UNL-4000, came from beneath the cultural layer at a depth 
of 0.65 m, and dates to 0.60±0.12 ka (A.D. 1413±120). Optical ages for McIntosh 
sediment samples are largely stratigraphically consistent. 
 Ceramic sherds from the McIntosh site were excavated in the late 1980s; dates are 
calculated from 1988. As with Kelso, depth information was averaged for these samples 
(0.25-0.26 cm), as depth ranges were given by unit or feature, rather than an exact depth 
value for each specimen. UNL-4046 dates to 0.53±0.02 (CAM; A.D. 1458±20). UNL-
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4047 dates to 0.52±0.02 ka (CAM; A.D. 1468±20). UNL-4048 dates to 0.49±0.02 
(MAM; A.D. 1498±20). Ceramic samples from McIntosh yield dates that are in 
agreement with the later portion of the established occupation period or slightly 
thereafter. 
 
Humphrey (25HO21) 
 All samples, soil and ceramic, from the site employ the MAM. Two samples from 
above the cultural layer are younger than the occupation period (A.D. 1700±100), while 
the three samples from the cultural layer vary in age. UNL-3790, from 0.10 m, dates to 
0.14±0.02 ka (A.D. 1873±20). UNL-3791, at a depth of 0.21 m, dates to 0.17±0.02 ka 
(A.D. 1843±20). UNL-3792, from within the cultural layer at 0.25 m, dates to 0.29±0.01 
ka (A.D. 1723±10). UNL-3793, at 0.32 m, dates to 0.44±0.02 ka (A.D. 1573±20). UNL-
3794, the deepest sample at 0.44 m, dates to 1.10±0.05 ka (A.D. 913±50). Optical ages 
from Humphrey sediment samples are in stratigraphic order. 
 Ceramic samples from the Humphrey site are consistent in age, only varying by 
approximately 50 years including standard errors. Ages for these samples are calculated 
from the date of excavation, in this case 1949. UNL-4040, from a depth of 0.33 m, dates 
to 0.27±0.01 ka (A.D. 1679±10). UNL-4041, from 0.38 m, dates to 0.30±0.01 ka (A.D. 
1649±10). UNL-4042, from 0.25 m below the surface, dates to 0.29±0.01 ka (A.D. 
1659±10). These ages, like those from Kelso and McIntosh, also fall within the 
established occupation period for the site. 
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Figure 4.1. OSL dates by site: (A) Kelso, (B) McIntosh, and (C) Humphrey. Gray rectangles indicate the cultural layer. Symbols are as follows: () sediment 
samples; () ceramic samples; and (Δ) dates from previous studies [(a) Crane and Griffin 1960; (b) Koch 2004].  
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Interpretation 
 It is important to keep in mind the goals of OSL dating versus the goals of 
radiocarbon dating when looking at the results of this study and comparing them to 
previous dates for the Kelso and McIntosh sites. Radiocarbon dating aims to identify the 
moment that organic matter stops absorbing carbon, while OSL dating is used to identify 
when a particular sample was last exposed to a sufficient amount of sunlight (or heat) to 
release electrons trapped in the material. Thus, it is not unusual that the OSL dates, 
particularly for the sediment samples, do not match with the occupation ranges based on 
radiocarbon (or stylistic) dates for each site. If anything, the sediment samples from 
above the cultural zone should provide dates that are younger than the radiocarbon dates 
(assuming they are accurate), since presumably the site would not have been buried with 
overlying sediments until after the occupation was over. Sediment samples from beneath 
the cultural layer should ideally predate the occupation, as they would have been 
deposited before occupation took place.  
There are many other factors to consider when interpreting the dates provided 
from these samples. First, depth is important, as sediment samples were collected with 
vertically positioned tubes; there are samples from above and below, as well as in, the 
cultural zones from each site. As a result, there should be a range of dates representing 
many periods in time. Second, there is prior evidence for partial bleaching from many 
OSL studies in the Sand Hills (Goble et al. 2004; Mason et al. 2004; Napier et al., in 
press), so it is necessary to use the MAM in many cases. In these cases, sediments are not 
completely bleached when exposed to sunlight and their trapped electrons are not 
completely cleared. When they are buried and electrons are trapped again, the effect is 
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cumulative, resulting in an overestimation of age when dated due to the residual 
electrons. Third, other environmental factors such as rodent or human-caused disturbance 
may have an impact on the results. The interpretations offered below incorporate these 
factors. 
 Napier and colleagues (in press) conducted an OSL study on sediment samples 
from Kelso and McIntosh; field collection occurred in 2011. Dates from that study are 
provided in comparison with my sediment sample dates from each site in Table 4.3. 
 
Table 4.3. Comparison of sediment dates from Napier et al. (in press) and this study (highlighted in grey) 
from Kelso (a) and McIntosh (b) sites. Samples are in stratigraphic order from shallowest to deepest below 
surface. Note that standard errors have been changed to 2σ to increase confidence levels to 95%. With this 
change, many of the samples now overlap in terms of their age range. * indicates collection from the 
cultural layer. 
a. Kelso 
Sample ID Depth 
(m) 
Optical Age ± 2 
std. err. (ka) 
Model 
Used 
Calendar Age ± 2 
std. err. (yrs A.D.) 
UNL-3789 0.68 0.85±0.08 CAM 1163±80 
UNL-3789A 0.78 0.68±0.12 MAM 1333±120 
UNL-3291Pa 0.8 0.29±0.04 MAM 1721±40 
*UNL-3290 Pa 0.9 0.68±0.08 CAM 1331±80 
*UNL-3787 0.93 0.77±0.10 MAM 1243±100 
*UNL-3788 0.97 0.92±0.08 MAM 1093±80 
UNL-3289Pa 1.1 0.95±0.08 CAM 1061±80 
UNL-3288Pa 1.4 0.90±0.08 MAM 1111±80 
 
b. McIntosh 
Sample ID Depth 
(m) 
Optical Age ± 2 
std. err. (ka) 
Model 
Used 
Calendar Age ± 2 
std. err. (yrs A.D.) 
UNL-4001 0.18 0.07±0.04 MAM 1943±40 
UNL-3292Pa 0.3 0.08±0.02 MAM 1931±20 
*UNL-3999 0.35 0.31±0.10 MAM 1703±100 
*UNL-4002 0.37 0.24±0.02 MAM 1773±20 
*UNL-3293 Pa 0.4 0.17±0.02 MAM 1841±20 
UNL-3294Pa 0.4 0.54±0.18 MAM 1471±180 
UNL-3295Pa 0.5 0.50±0.04 MAM 1511±40 
UNL-4000 0.65 0.60±2.40 MAM 1413±240 
P
a
PNapier et al. (in press) 
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Kelso 
 The optical dates from sediment samples from the Kelso site, as noted above, 
appear to not be stratigraphically consistent at 1σ, though they are at 2σ (see Table 4.3). 
The shallowest sample, UNL-3789, provides one of the oldest dates from this site, and is 
also the only one to employ the CAM. The other three sediment samples provide dates 
that are stratigraphically consistent and all employ the MAM; all three of these dates are 
younger than the radiocarbon date from Crane and Griffin (1960), though they fall within 
the recalibrated range provided by Napier et al. (in press; see Chapter 2). These samples 
could indicate that the cultural layer was buried by overlying deposited materials shortly 
after occupation ended, which aligns temporally with the early days of the MCA. 
Conversely, they could indicate that the occupation range for the Kelso site is later than 
previously thought, falling closer to the transition between the Plains Woodland and CPt 
periods. 
Bozell and Winfrey (1994:138) argue for a later terminus for High Plains 
Woodland sites, nearer to A.D. 1100, based on ceramic and adaptive traits. In addition, 
Roper and Adair (2011, 2012) have investigated many dates from the Central Plains from 
different time periods and found issues with the dating protocols, namely the dating of 
wood charcoal from hearths and structures. They cite that dates may be the result of the 
“old wood problem” (Schiffer 1986), which date the “death” of the wood and not 
necessarily the burning event. The sample of wood charcoal used for the Kelso date could 
easily have ceased growing around A.D. 800 and been burned several years (or several 
hundreds of years) later. And, even without Bozell and Winfrey’s new time frame or the 
old wood problem, Kelso may have been occupied later and/or longer than was originally 
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thought. As only one-quarter of the site was excavated (Kivett 1952), there may be 
more to the Kelso site than is known. There is also evidence of rodent disturbance at 
Kelso, which likely accounts for the recent date from sample UNL-3291 (Napier et al., in 
press). That disturbance could also account for the older date from UNL-3789.  
 Dates from the ceramic specimens from Kelso are intriguing, as they are 
consistent with one another and with the dates from the sediment samples. Since the 
ceramic material dated comes from the interior of the sherd, these dates should reflect the 
time of manufacture (or sometime during the use-life if sufficiently heated), which should 
be more closely aligned with the (or an) occupation of the site. These dates, in 
conjunction with sediment sample dates from this study and Napier et al. (in press), 
suggest a later (or more extended) occupation for Kelso than that suggested by Crane and 
Griffin’s (1960) radiocarbon date.  
 
McIntosh 
 All sediment samples from McIntosh exhibit partial bleaching and I employed the 
MAM in calculating the date. As mentioned above, this results in a more conservative 
age estimate. Of the sediment samples from McIntosh, only UNL-4000 is 
contemporaneous with the proposed A.D. 1200-1450 occupation (Koch 2004; Napier et 
al., in press). However, note that the date for UNL-4000 falls at the later margin of the 
occupation range and that overlap with the occupation period is due to a very large 
standard error (A.D. 1413±120 years). This sample may represent a depositional event 
that occurred just before occupation of the site, as it is from a context below the identified 
cultural layer; this event would fall within the temporal bounds of the MCA. The other 
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sediment samples from McIntosh are from shallower contexts than those from Kelso 
and may be subject to more disturbance from bioturbation, however caused. I argue that 
these dates represent depositional events that occurred after occupation at the site had 
ceased. 
 Similar to the sherds from the Kelso site, the dates from the McIntosh sherds are 
all consistent with one another. They are just slightly younger than the A.D. 1200-1450 
range established for the site based on radiocarbon and annual plants, all falling within 
the A.D. 1450-1500 period. The decoration on the sherds, cord roughening and 
smoothing, appears to be in line with other CPt sherds (Koch 2004), but this decoration is 
also similar to that found on the sherds from Kelso. This may be an indication of so-
called “homegrown” traits of Sand Hills ceramic production that persisted across time 
and space, particularly given the temporal and geographic proximity of the Kelso and 
McIntosh sites.  
 
Humphrey 
 The samples from Humphrey present an interesting case of the effects of 
environmental factors. As mentioned in Chapter 3, Gunnerson (1950) indicates that, in 
1949, there was approximately 0.3 to 0.9 m (1 to 4 ft) of culturally sterile overburden at 
the site. However, due to cultivation and cattle grazing, cultural material was discovered 
within 0.5 m of the surface in 2013. I believe some degree of erosion (and/or soil loss due 
to cultivation) and compaction has occurred at the site, causing the profile to decrease in 
overall vertical size while maintaining relative proportions.  
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Sediment dates are stratigraphically consistent. The two samples taken from 
above the cultural layer result in very young dates, and likely represent periods of 
deposition that occurred after occupation of the site. Three samples from within the 
cultural layer yield a wide range of dates, from A.D. 913±50 to 1723±10. If we accept 
Gunnerson’s proposed occupation period of A.D. 1700±100 , then sample UNL-3793 
dates to just before occupation. This date falls outside of the MCA range, but likely 
represents deposition of aeolian material or possibly alluvial sediments due to a flood. I 
argue that the oldest sample (UNL-3794, A.D. 913±50) represents sediments originally 
further below the cultural zone and is indicative of a period of deposition before the 
Dismal River occupation occurred. This date corresponds with the early stages of the 
MCA. 
 The sherds from Humphrey, as with those from McIntosh and Kelso, are 
consistent with each other, and all date between A.D. 1649-1679. These dates actually 
correspond closely with sample UNL-3792 from the cultural zone. These results are 
concordant with Gunnerson’s proposed occupation period. Sample UNL-3793, also from 
the cultural zone, yields an older date, but this may be a result of compaction or 
disturbance. Conversely, it could be an indication that the Humphrey site was occupied 
earlier than previously thought. Gunnerson was supportive of further investigation at the 
site after 1949, though it appears that never occurred. 
Gunnerson (1960) also indicates that a small percentage of the cultural material at 
the site is more representative of an Upper Republican (CPt) component, indicating 
possibly a separate earlier occupation at the site or perhaps a longer occupation than is 
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suggested. As there are no absolute chronometric dates from the site or any of its 
materials at this time, there is no data for comparison with the dates presented above. 
 
Conclusions   
 Results from this OSL study provide some answers but also raise many questions. 
Particularly for Kelso and Humphrey, which were only partially excavated, these dates 
introduce the possibility of earlier and/or longer occupations at each site. However, 
before these dates can be fully interpreted, the issue of the ceramic samples and gamma 
spectrometry results must be resolved. Once additional samples have been analyzed and 
the dates have been recalculated, then a more comprehensive interpretation of the sites 
and their selected material culture can be made. Further implications of these data so far, 
in conjunction with the INAA data presented in the next chapter, are discussed in Chapter 
6.  
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Chapter 5 – Instrumental Neutron Activation Analysis of 
Ceramic Sherds: Methods and Results 
 
This chapter examines ceramic materials from the Kelso, McIntosh, and 
Humphrey sites using instrumental neutron activation analysis (INAA) to ascertain the 
degree of similarity between clay sources used in the manufacture of ceramics; these 
characterization results can be used as a proxy for examining population movement by 
site occupants. The comparison of relative material sources combined with the 
chronology provided through OSL allows us to tease out what was happening in the Sand 
Hills during this time vis-à-vis ceramic production and how these groups were 
responding to varying degrees of climate change. Although preliminary, these results will 
help guide further research in the Sand Hills in terms of group mobility and resilience 
during this period.  
 
Background 
The methodology of INAA was introduced in the 1950s when researchers were 
looking for alternate uses for nuclear technologies. With assistance from Robert 
Oppenheimer, Sayre and Dodson completed a study of ceramics of known provenience 
from the Mediterranean to examine their chemical composition and see if differences 
between the groups were observable (Sayre et al. 1957). The results of this study were 
positive, indicating that “sherds from certain regions show characteristic impurity 
patterns, and that one region can be distinguished from another on the basis of these 
patterns” (Sayre et al. 1957:40). The authors warn of difficulties with this analysis, 
particularly homogeneity or lack thereof of clays in a region; Roper et al. (2007) 
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identified this problem (homogeneity of clays) in their study, grouping the ceramics 
from three sites in northern Kansas and southern Nebraska into the Central Plains 
Reference Group (CPRG). 
 Previous analysis has shown INAA to be an effective method for “characteriz[ing] 
the chemical composition of prehistoric pottery” in the Central Plains of northern Kansas 
(Roper et al. 2007:327). Roper and colleagues’ study included ceramics and samples from 
the Medicine Creek area in southern Nebraska, south of the Platte River. Their work 
shows “NAA is a viable method for chemically discriminating Central Plains tradition 
pottery and evaluating its movement through at least some parts of the Central Plains 
tradition” (Roper et al. 2007:333). More specifically, they highlight east-west/west-east 
movements of pottery along river valleys and indicate more movement along river 
valleys than between them. Their data also express the range of chemical variability in 
the larger Central Plains region.  
One caveat with Roper and colleagues’ study is that of relative chemical 
homogeneity in terms of clay sources in the Sand Hills. Speakman and Glascock observe 
that, for the CPRG, which includes the Medicine Creek, Albert Bell, and Le Beau sites, 
“it appears that clay resources in this region exhibit similar ranges of variation across 
broad geographic areas. Consequently, it is impossible to identify distinct reference 
groups for [those] sites” (Speakman and Glascock 2004:5). However, if INAA provides 
results such as these for our study sites, that is useful as it indicates that peoples at these 
sites are still utilizing regional clay sources during these time periods. If chemical 
signatures differ significantly, then we know that these peoples are using materials from a 
chemically distinct area possibly outside the Sand Hills, indicating travel and/or trade. 
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Whereas Roper and colleagues studied roughly contemporaneous sites across 
geographic space, I examine sites nearly identical in space but across time. Here, I 
compare sherds from three sites approximately 120 km from one another, but separated in 
time to see whether occupants were utilizing the same clay materials or whether the 
groups were exhibiting different behaviors with regards to ceramic production. While our 
work does not include clay source samples at this time, landowners at these sites are 
knowledgeable about such sources that may be studied in the future. Additionally, we can 
add our results to those of Roper and colleagues as well as Cobry (Roper et al. 2007), 
increasing the Great Plains dataset and possibly allowing future researchers to make 
inferences about the potential relationships between peoples at Sand Hills sites and sites 
outside the region. 
 
Methods 
 Samples for this procedure were analyzed at the Missouri University Research 
Reactor (MURR) Archaeometry Laboratory under the supervision of Drs. Michael 
Glascock and Jeffrey Ferguson. This analysis was partially subsidized through a National 
Science Foundation grant (see Grant and Funding Information). A spreadsheet containing 
all available contextual information, such as provenience and compositional data, was 
submitted along with the sherds. Due to incomplete field and analytical records, not all 
data were available for all specimens. Sherds were packaged individually, with 
identifying information written on the bag and on a card inside the bag. Photos of both 
sides of each artifact in its original condition were also submitted. A total of 75 sherds 
were submitted (25 each from the Humphrey, Kelso, and McIntosh sites).  
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 Samples were prepared following MURR’s standard protocol (Ferguson and 
Glascock 2015). A 1 cmP2 P fragment was removed from each specimen and abraded using 
a silicon carbide burr to remove surface materials like slip, paint, or soil. Samples were 
then washed with deionized water. Once dry, samples were ground in an agate mortar. 
Archival samples were retained at MURR where possible for future research. 
 Two samples were prepared from each specimen – one for the short irradiation 
and one for the long irradiation. For short irradiations, samples of 50 mg were weighed 
into high-density polyethylene vials. For long irradiations, samples of 200 mg were 
weighed into high-purity quartz vials. All measurements were recorded to the nearest 
0.01 mg and sealed prior to irradiation.  
 Samples in polyvials were subjected to a short irradiation using the pneumatic 
tube irradiation system. Samples are irradiated, two at a time, for five seconds by a 
neutron flux of 8 x 10P13 P n cmP-2 P s P-1 P. Next, a 720-second count yields gamma spectra 
containing peaks for nine short-lived elements (Table 5.1).  
 Samples in quartz vials were subjected to a long irradiation of 24 hours at a 
neutron flux of 5 x 10P13 P n cmP-2 Ps P-1 P. Samples decay for seven days; then, a 1,800-second 
count yields gamma spectra for seven medium half-life elements (Table 5.1). Samples are 
then left to decay for three or four additional weeks, followed by a 8,500-second count 
which yields gamma spectra for seventeen long half-life elements (Table 5.1). All 
elements are measured in parts per million (ppm). For most specimens, Ni values were 
below detectable limits, thus Ni was deleted from the dataset. Analysis and interpretation 
included the remaining 32 elements. 
 
		 	 	 	
62	
Table 5.1. Elements measured during each irradiation. Elements are listed in alphabetical order by 
abbreviation. Thirty-three elements in total are measured. Nickel (Ni) was eliminated from the dataset due 
to values below detectable limits. 
Gamma count duration Elements measured 
720 second count (short) Aluminum (Al)          Dysprosium (Dy)           Sodium (Na) 
Barium (Ba)               Potassium (K)                Titanium (Ti) 
Calcium (Ca)             Manganese (Mn)            Vanadium (V) 
1,800 second count (middle) Arsenic (As)              Neodymium (Nd)           Ytterbium (Yb) 
Lanthanum (La)         Samarium (Sm) 
Lutetium (Lu)            Uranium (U) 
8,500 second count (long) Cerium (Ce)               Hafnium (Hf)                 Tantalum (Ta) 
Cobalt (Co)                SNickel (Ni)S                     Terbium (Tb) 
Chromium (Cr)          Rubidium (Rb)               Thorium (Th) 
Cesium (Cs)               Antimony (Sb)                Zinc (Zn) 
Europium (Eu)           Scandium (Sc)                Zirconium (Zr) 
Iron (Fe)                     Strontium (Sr) 
 
 
Analysis of the data included several methods such as cluster analysis, principal 
components analysis, and discriminant analysis, and was performed by Dr. Jeffrey 
Ferguson at MURR. Data was converted to base-10 log values in order to compensate for 
differences in magnitude between major elements and trace elements, often the rare earth 
or lanthanide elements (REEs).  
 
Results 
 INAA was performed on 75 sherds from the three sites, utilizing 25 sherds from 
each site. This small sample size did not allow for intra-group examination, only of each 
subgroup relative to the other two subgroups. The results described below are an 
indication that further work with larger sample sizes could yield very meaningful results 
for sites in the Sand Hills. Complete results can be found in Ferguson and Glascock 
(2015). 
		 	 	 	
63	
 Upon initial inspection of the data, three sherds (NGP004, NGP005, and 
NGP071) were dismissed from further analysis due to anomalous concentrations of 
multiple elements. These sherds were not similar to each other, precluding investigating 
them as a separate subgroup.  
 The remaining sherds were categorized into four groups based on levels of 
rubidium (Rb) and chromium (Cr) (see Table 5.2). Group 1 contains seven sherds from 
the Humphrey site, and is based on elevated concentrations of Rb. Groups 2, 3, and 4 are 
based on differential levels of Cr, though Ferguson and Glascock argue that these 
groupings are tentative and are likely a product of the spatial distribution of the sites. As 
evidenced in Table 5.2, Groups 1, 2, and 4 are largely restricted to one site. The only 
group with a sizable number of sherds from more than one site is Group 3, with nearly 
two-thirds of the group’s sherds from Kelso and one-third from McIntosh. Table 5.3 
below provides proveniences for each sherd in each group. 
 
 
Table 5.2. Grouping results for neutron activation analysis. 
Site Group 1    
(Rb) 
Group 2 
(Cr) 
Group 3 
(Cr) 
Group 4 
(Cr) 
Outlier Unassigned Total 
25HO23 
Kelso 
- - 22 2 - 1 25 
25BW15 
McIntosh 
- 10 12 1 1 1 25 
25HO21 
Humphrey 
7 - 1 10 2 5 25 
Totals 7 10 35 13 3 7 75 
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Figure 5.1. Bivariate plot of rubidium (Rb) and chromium (Cr) showing the relationship between Group 
1 and the rest of the groups. Ellipses represent 90% confidence intervals for group membership. 
 
 
 
 
Figure 5.2. Bivariate plot of lanthanum (La) and Cr showing relationship between the compositional groups 
identified in this study and the CPRG. Ellipses represent 90% confidence intervals for group membership. 
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Table 5.3. Groups identified by INAA, with provenience information for each sherd. 
Group No. Sherd ID Site ProveniencePa 
        1 NGP008 Humphrey 25HO21 N465 E11, 6-20” 
1 NGP011 Humphrey 25HO21 N475 E9, 6-24” 
1 NGP012 Humphrey 25HO21 N475 E14, 6-24” 
1 NGP013 Humphrey 25HO21 Feature 10, N480 W4, 6-24” (circular 
trash filled pit) 
1 NGP021 Humphrey 25HO21 N495 W3, 6-14” 
1 NGP024 Humphrey 25HO21 N515 W10, 6-24” 
1 NGP025 Humphrey 25HO21 N515 W10, 6-24” 
    
2 NGP052 McIntosh 25BW15 Feature 8701 (truncated cylindrical pit) 
2 NGP056 McIntosh 25BW15 Feature 8707 (truncated cylindrical pit) 
2 NGP059 McIntosh 25BW15 Feature 8801 (truncated pit) 
2 NGP062 McIntosh 25BW15 Feature 8801 (truncated pit) 
2 NGP063 McIntosh 25BW15 Feature 8801 (truncated pit) 
2 NGP069 McIntosh 25BW15 Feature 8806 (truncated pit) 
2 NGP070 McIntosh 25BW15 Feature 8806 (truncated pit) 
2 NGP073 McIntosh 25BW15 Feature 8806 (truncated pit) 
2 NGP074 McIntosh 25BW15 Surface 
2 NGP075 McIntosh 25BW15 Surface 
    
3 NGP003 Humphrey 25HO21 N445 E10, 6-24” 
3 NGP027 Kelso 25HO23 Surface 
3 NGP028 Kelso 25HO23 S10 E1 
3 NGP029 Kelso 25HO23 S15 
3 NGP030 Kelso 25HO23 S15 
3 NGP031 Kelso 25HO23 S15 E1 
3 NGP033 Kelso 25HO23 S20 
3 NGP034 Kelso 25HO23 S20 
3 NGP035 Kelso 25HO23 S20 
3 NGP036 Kelso 25HO23 S20 
3 NGP037 Kelso 25HO23 S20 
3 NGP038 Kelso 25HO23 S20 
3 NGP039 Kelso 25HO23 S20 E1 
3 NGP041 Kelso 25HO23 S20 E20 
3 NGP042 Kelso 25HO23 Feature 2, S25 E1 (hearth) 
3 NGP043 Kelso 25HO23 Feature 2, S25 E1 (hearth) 
3 NGP044 Kelso 25HO23 Feature 2, S25 E1 (hearth) 
3 NGP045 Kelso 25HO23 Feature 2, S25 E1 (hearth) 
3 NGP046 Kelso 25HO23 Feature 2, S25 E1 (hearth) 
3 NGP047 Kelso 25HO23 S25 E20 
3 NGP048 Kelso 25HO23 S30 
3 NGP049 Kelso 25HO23 S40 E1 
3 NGP050 Kelso 25HO23 S45 
3 NGP051 McIntosh 25BW15 Feature 8701 
3 NGP053 McIntosh 25BW15 Feature 8701 
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Table 5.3, continued 
Group No. Sherd ID Site ProveniencePa 
3 NGP054 McIntosh 25BW15 Feature 8701 (truncated cylindrical pit) 
3 NGP057 McIntosh 25BW15 Feature 8707 (truncated cylindrical pit) 
3 NGP058 McIntosh 25BW15 Feature 8707 (truncated cylindrical pit) 
3 NGP060 McIntosh 25BW15 Feature 8801 (truncated pit) 
3 NGP064 McIntosh 25BW15 Feature 8801 (truncated pit) 
3 NGP065 McIntosh 25BW15 Feature 8801 (truncated pit) 
3 NGP066 McIntosh 25BW15 Feature 8806 (truncated pit) 
3 NGP067 McIntosh 25BW15 Feature 8806 (truncated pit) 
3 NGP068 McIntosh 25BW15 Feature 8806 (truncated pit) 
3 NGP072 McIntosh 25BW15 Feature 8806 (truncated pit) 
    
4 NGP001 Humphrey 25HO21 N440 E10, 6-20” 
4 NGP006 Humphrey 25HO21 N460 E13, 6-30” 
4 NGP007 Humphrey 25HO21 N465 E11, 6-20” 
4 NGP014 Humphrey 25HO21 Feature 9, N480 W2, 6-16”  
(roasting basin) 
4 NGP015 Humphrey 25HO21 Feature 9, N480 W2, 6-16”  
(roasting basin) 
4 NGP016 Humphrey 25HO21 Feature 9, N480 W2, 6-16”  
(roasting basin) 
4 NGP017 Humphrey 25HO21 N480 E7, 6-20” 
4 NGP019 Humphrey 25HO21 N495 W4, 6-14” 
4 NGP020 Humphrey 25HO21 N495 W4, 6-14” 
4 NGP022 Humphrey 25HO21 N510 W10 (no depth) 
4 NGP026 Kelso 25HO23 S25 E1 
4 NGP040 Kelso 25HO23 S20 E1 
4 NGP055 McIntosh 25BW15 Feature 8701 (truncated cylindrical pit) 
    
Unassigned NGP002 Humphrey 25HO21 N440 E12, 6-24” 
Unassigned NGP009 Humphrey 25HO21 N465 E11, 6-20” 
Unassigned NGP010 Humphrey 25HO21 N475 E9, 6-24” 
Unassigned NGP018 Humphrey 25HO21 N495 W5, 6-20” 
Unassigned NGP023 Humphrey 25HO21 Feature 2, N515 W8, 6-13” (hearth) 
Unassigned NGP032 Kelso 25HO23 S15 E1 
Unassigned NGP061 McIntosh 25BW15 Feature 8801 (truncated pit) 
    
Excluded NGP004 Humphrey 25HO21 N445 E11, 6-20” 
Excluded NGP005 Humphrey 25HO21 N450 E11, 6-24” 
Excluded NGP071 McIntosh 25BW15 Feature 8806 (truncated pit) 
P
a
P roveniences copied from site archives from NSHS, feature type in parentheses. 
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Interpretation 
 The expectation for this analysis was that the composition of sherds from all three 
sites would be similar enough to warrant the creation of something akin to the CPRG 
(Roper et al. 2007), since these three sites are from not only the same geographic area 
(within 120 km) but also the same ecological and geological area. Such an outcome 
would have indicated that people from these sites did not change their behavior regarding 
ceramic raw material exploitation (and, by proxy, group movement patterns) to an 
observable degree (within the parameters of this analysis) in the wake of the dune 
reactivation spurred by the MCA. Given the degree of proximity between Kelso and 
Humphrey (< 2 km), it could also be expected that these two sites would be more similar 
to each other than either is to McIntosh, roughly 120 km away. However, the data 
provide a more complex story.  
 The results of this analysis demonstrate that the chemical signatures of the 
samples from Kelso and McIntosh are fairly similar. Nearly all of the Kelso sherds 
(n=22) and about half of the McIntosh sherds (n=12) fall into Group 3, which accounts 
for over 45 percent (n=35) of the entire sample collection. I believe this group is 
indicative of local resource exploitation from within the Sand Hills. Perhaps the material 
source(s) comprising this sherd group was favored by earlier residents, and then fell out 
of favor, either for different local sources or outside materials. Group 4 could potentially 
represent the reverse of this pattern, representing another local material source (or 
sources) that became more heavily exploited later in time by Humphrey occupants. 
Group 2 comprises most of the remaining McIntosh sherds (n=10) and, as seen in 
Figure 5.2, overlaps significantly with the CPRG. Given that the primary occupation at 
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McIntosh is CPt (likely designated the Itskari phase and potentially an earlier Upper 
Republican component), and the CPRG comprises samples from other CPt sites, this 
overlap is intriguing. The distance between the northern-most CPRG site, at the Medicine 
Creek locality in Frontier county in southern Nebraska, and McIntosh is just under 260 
km as the crow flies. The specific composition of Group 2 could indicate an incoming of 
ceramic products from outside the Sand Hills, whether during the earlier Upper 
Republican phase or the later Itskari phase.  
A similar phenomenon is evident with the sherds from the Humphrey site. Group 
1 contains only sherds from Humphrey. This group is also separated based on Rb levels, 
as opposed to Cr levels for the other three groups. Muhs et al. (2000) indicate that Sand 
Hills aeolian material, while high in quartz content, is low in K-feldspar, which includes 
Rb. This grouping could be an indication of a burgeoning outside influence later in time, 
as suggested by Gunnerson (1950, 1960) and Trabert (2014, 2015).  
Unfortunately, the data available for individual sherds is pretty vague, both in 
terms of field documentation and in terms of analysis. The field catalog from the Kelso 
site only provides horizontal proveniences, and the available site maps are fairly sparse in 
terms of their content. The extent of analysis for these sherds by Kivett (1952) is that they 
are Ash Hollow Cord-Roughened. The artifacts from the Humphrey site have a little 
more in the way of provenience, as they have depth ranges (e.g., 6-24”), but most of these 
ranges overlap, beginning at 6 inches and terminating between 14 and 24 inches below 
the surface (NSHS). Gunnerson (1950, 1960) asserts that the sherds from Humphrey 
resemble sherds from other Dismal River sites in Nebraska. The McIntosh sherds can be 
provenienced to specific features. These features were excavated as whole units without 
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separate strata, so it is unclear whether sherds came from the upper or lower portions 
of the features. Koch (2004) provides a detailed analysis of the sherds from McIntosh, but 
the discussion focuses primarily on vessels and rim sherds. A more refined interpretation 
of the INAA data paired with a detailed analysis of sherds from all three sites is certainly 
warranted for future research. 
 
Conclusions 
 There are many possibilities that arise from the results of INAA in this case. 
While the sample size is small and only allows for inter-group comparisons, the data 
provides insight into what was going on during these time periods regarding ceramic 
production and connections to outside groups. The comparison between my dataset and 
that of Roper and colleagues is especially telling, given the relationship between the 
assemblages in time and space. The implications of this analysis will be more broadly 
discussed in Chapter 6.  
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Chapter 6 – Synthesis and Future Research 
 In this chapter, I offer an interpretation of both datasets (OSL and INAA) in the 
context of the MCA and changing cultural relationships, as well as possible future 
research objectives that relate to Sand Hills archeology and these time periods.  
The world was a dynamic place between roughly A.D. 800 and 1600. Several 
different periods of climate change around the globe, coupled with an exponential 
increase in global exploration by Europeans and others, resulted in a lot of cultural 
change for many different reasons and at many different scales. Some cultural groups 
adapted to new environments or experienced contact with outsiders for the first time, 
while other societies “collapsed” or were absorbed by other groups. One of these periods 
of climate change was the MCA, which brought warmer and more arid conditions to the 
Great Plains. The Sand Hills ecoregion experienced these conditions differently than 
surrounding areas, simultaneously enduring drought-induced dune reactivation and 
benefiting from the persistence of low-lying wetland areas due to the presence of the 
aquifer. The purpose of this study was to assess if peoples occupying the Sand Hills 
during the time periods before, during, and after the MCA changed their behavior vis-à-
vis ceramic production, which I employ as a proxy for population movement.  
As already mentioned in Chapter 2, much is unknown about past human 
occupation and exploitation of the Sand Hills due to a lack of investigations for several 
reasons. In addition, many of the collections that do exist are the result of private 
collectors, often landowners picking up surface material on their property, or surveys that 
took place in the mid-twentieth century from the 1930s to 1950s. A lot has changed in the 
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past 70 years since these projects occurred, including the introduction of new 
techniques for dating and other types of analysis. OSL and INAA are two such 
techniques.   
 
Chronology 
I employed OSL dating of 4-5 sediment samples as well as 3 ceramic sherds from 
each site in order to refine the established chronologies. Largely, this was effective, 
though the results of the OSL dating do raise many questions about the accuracy of 
previous radiocarbon dates and the periods and duration of occupation at each site. AMS 
radiocarbon dating was previously performed for two botanical samples from McIntosh, 
in addition to radiocarbon dating on three wood charcoal samples (one sample was 
unable to be calibrated), which helped firmly establish the A.D. 1200-1450 occupation 
range (Koch 2004). One radiocarbon date from Kelso exists, performed on wood charcoal 
from a hearth feature (Kivett 1952), and no previous chronometric dates exist for the 
Humphrey site.   
Roper (2012) and Roper and Adair (2011, 2012) have studied existing 
radiocarbon dates from the Central Plains and highlighted issues with these datasets and 
their accuracy. Primarily, the problems with these dates stem from the fact that the 
samples consist of wood charcoal, usually from hearth features (Roper and Adair 2011, 
2012; Schiffer 1986). Roper and Adair examine the use of accelerated mass spectrometry 
(AMS) radiocarbon dating in order to utilize samples of annual plants and residues from 
pottery; previously, the small sample sizes of these remains precluded their use for 
radiocarbon dating analysis. The findings of these studies thus far are useful for 
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compiling a new, more accurate chronology for the region during the CPt. However, 
the geographic range of their dataset is limited mainly to sites in northern and central 
Kansas, with a few dates coming from sites in southern Nebraska and northwestern 
Missouri. Expanding this analysis to other areas occupied during the CPt, such as the 
Sand Hills, or other periods will help to refine the chronology even further.  
The combination of refined radiocarbon datasets with OSL datasets such as the 
one presented here would provide a more comprehensive understanding of the formation, 
occupation, and post-occupation periods of sites. OSL dating can identify the last periods 
of surface exposure before burial, which can highlight what site surfaces were like before 
and after occupation, how long so-called “cultural layers” were exposed, and how they 
developed (e.g., paleosols). AMS radiocarbon studies, like those conducted by Roper and 
Adair (2011, 2012), can further aid our understanding of site occupation by more closely 
pinpointing when (and how) people were actually using the site.  
Another aspect of interest to OSL dating regimes is the differential deposition that 
likely occurred at each of the sites. I have already discussed the possibility of erosion and 
human-induced disturbance, such as cattle grazing or road-building activity. Furthermore, 
each site’s specific topography may play a role in how the site has evolved geologically. 
The Kelso site lies in a group of knolls on the edge of the Middle Loup River, on the 
south side of a terrace. The elevation of the knoll, especially in contrast to the adjacent 
flat terrace, may have attracted more of the reactivated material, which would explain the 
large amount of sterile overburden overlying the cultural zone. The McIntosh site lies at a 
high elevation overlooking Enders Lake. In this case, the exposed nature of the site may 
have led to increased erosion of overlying material, as the cultural layer at McIntosh is 
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not very far below the surface. The road construction activities that led to the 
discovery of the site undoubtedly contributed to loss of overlying sediments as well. The 
Humphrey site lies in the river terrace just south of the Middle Loup River, in relatively 
flat land that is protected to the north and south by higher dunes. This lower elevation 
may have protected the site surface from wind. However, we know from field documents 
that the area was cultivated to some degree and is currently being used for cattle grazing, 
which has certainly affected the site’s stratigraphy.  
In examining each site more closely, I offer the following interpretations for the 
formation of sites and the periods of occupation and activity at each location.  
The Kelso site is from the Plains Woodland period, with the proposed occupation 
period likely occurring just before or during the early MCA (Kivett 1952). Whether or 
not dune activation caused abandonment of the site is unclear; for whatever reason, the 
site was abandoned. Optical dates from sediment samples seem to indicate deposition of 
sediments over the cultural zone occurring sometime after A.D. 1100, likely closer to 
A.D. 1200. With optical dates from ceramics dating between A.D. 1100-1200 and Napier 
et al.’s (in press) recalibration of Crane and Griffin’s (1960) radiocarbon date, a 
reexamination of the Kelso site and its associated materials seems warranted. It appears 
as though occupation either occurred later or lasted longer than originally proposed, as 
suggested by Bozell and Winfrey (1994; Kivett 1952, Crane and Griffin 1960). As 
discussed above, the topography of the Kelso site may have contributed to a large 
accumulation of reactivated sediments, causing a large sterile overburden zone. At some 
point, the site regained its vegetation and stabilized until discovery of the site during road 
construction in the 1940s. 
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The McIntosh site, from the Central Plains Tradition period, was likely 
occupied during the later portion of the MCA. Optical dates from ceramic samples seem 
to extend the proposed occupation period for the site (A.D. 1200-1450), as those dates 
fall between A.D. 1450-1500. Optical dates on sediment samples collected from the 
cultural layer appear to indicate the exposure of the cultural layer beyond the occupation 
of the site, into the 1600s. These data suggest either a prolonged occupation at McIntosh, 
or perhaps an additional occupation after CPt peoples abandoned the site.  
 The Humphrey site appears to have experienced multiple depositional events in 
the last millennium. Some of the earlier events may be due to the stabilization of 
reactivated aeolian material during the MCA, but I believe some may also be due to 
flooding events, which may have deposited alluvial sediment onto the terrace. The 
proposed short duration of occupation (A.D. 1700±100; Gunnerson 1950, 1960) and the 
lack of any other chronometric dates on materials from the Humphrey site mean that 
there is no comparative material for this dataset. The OSL dates from this study provide a 
starting point for understanding the chronology of the site, but further dating studies at 
Humphrey as well as McIntosh and Kelso will certainly help refine the occupational and 
depositional histories.
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Figure 6.1. Composite of OSL dates and previously published radiocarbon dates from each study site. Blue symbols represent Kelso dates; red symbols represent 
McIntosh dates; and black symbols represent Humphrey dates. Grey symbols are dates from previous studies. Symbols are as follows: () sediment samples; () 
ceramic samples; and (Δ) dates from previous studies [(a) Crane and Griffin 1960; (b) Koch 2004]. Grey rectangles represent the established occupation period 
for each site. 
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Ceramic characterization and movement in the Sand Hills 
 Based on the chronology established by this and previous studies, it is clear that 
the sites in question were occupied during the peri-MCA time frame, though the 
occupations may be slightly different in time or duration than previously thought. With 
the chronology established, the goal was to examine if there were any indications of 
behavioral change evident in the ceramics, primarily concerning ceramic raw material, 
that could be evidence for population movement patterns. The expectation for this study 
was that the ceramics from all three sites would be statistically indistinguishable because 
of their geographic proximity to one another and location in a geologically homogenous 
area, similar to the Central Plains Reference Group (CPRG) comprising ceramics from 
the LeBeau, Albert Bell, and Medicine Creek sites (Roper et al. 2007). If this expectation 
was met, I could not reasonably make conclusions about population movement as there 
would be no way to distinguish between sites and raw material sources. Instead, the 
results show that while ceramics from Kelso and McIntosh are compositionally and 
macroscopically similar, the data for ceramics from the Humphrey site are indicative of 
some type of change in behavior (although somewhat similar in appearance). These 
results are not surprising in light of Gunnerson’s (1950, 1960) and Trabert’s (2014, 2015) 
assertions of outside influence on Dismal River groups during this time period, 
particularly by peoples from the American Southwest. Influence could have come from 
the southwestern groups in the form of raw material, ceramic paste recipes, stylistic 
patterns, construction methods, finished products, or some combination of all five. Based 
on the evidence available, this connection is hypothetical, but I believe warrants further 
examination. Steps to investigate this connection further could include INAA 
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comparisons of sherds from Humphrey (and other Dismal River sites in the area) with 
materials from southwestern groups, particularly groups that show evidence of migrating 
out of that area around this time period. 
 The results from Kelso and McIntosh are particularly interesting in light of the 
fact that Koch (2004) suggests the possibility of a Woodland occupation at the McIntosh 
site. The suggestion is based on the presence of ten artifacts, eight corner-notched 
projectile points and two ceramic sherds from surface collections, which appear more 
Woodland in nature than CPt. The two Woodland sherds were not included in this study, 
but it would be intriguing to see the results of characterization studies of those materials 
relative to the dataset presented here. At this time, I argue that whatever patterns of 
ceramic material acquisition were occurring at Kelso were continued during the McIntosh 
occupation but cannot definitively say whether there were contemporaneous occupations 
at both sites.  
 
Future Research 
 There is much work to be done to further reveal and interpret the archeological 
record of the Sand Hills. New investigations can take advantage of modern techniques 
that were not yet developed when past projects occurred. Even using traditional 
techniques can yield new information as archeologists now approach sites and material 
culture differently than they did in the past. Several potential research avenues are 
outlined below. 
1. Further archeological investigation in the Sand Hills, potentially including non-
invasive geophysical prospection techniques (e.g., ground-penetrating radar and 
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magnetic techniques) as well as other approaches to understand occupation of 
the Sand Hills on a broader scale 
2. Continued AMS radiocarbon dating on annual botanicals and residues (and other 
appropriate materials) to refine occupation/use chronologies 
3. Expand INAA of ceramics to include other sites in the Sand Hills to build larger 
Great Plains comparative dataset 
4. Expand INAA comparisons between Sand Hills and Southwestern ceramic 
collections, especially for Dismal River specimens 
5. Expand INAA to focus on sourcing (both in and beyond Sand Hills) 
 
I believe non-invasive geophysical investigations will be crucial to improving our 
understanding of the Sand Hills. Geophysical approaches would help identify subsurface 
features such as pits, postholes, and hearths. This approach can be particularly useful to 
determine site extents at sites like Humphrey, where we know early archeologists only 
partially excavated. Most of the region is privately owned and used for purposes where 
prolonged destructive excavations could be an inconvenience for landowners’ 
livelihoods, such as cattle grazing. With techniques such as ground-penetrating radar or 
magnetic surveys, surface disturbance is minimal (i.e., mowing and staking) and 
temporary. These techniques also provide more immediate results that may be more 
relevant and useful to landowners and help foster working relationships. 
 One of the issues with extant archeological collections from the Sand Hills is that 
they were collected and analyzed during a different era, when the culture historical 
approach reigned supreme, and not much has been done with them since. These 
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collections provide a great opportunity for applying new approaches and techniques, 
such as AMS radiocarbon dating or INAA surveys, to see what other information they 
hold beyond stylistic data or form and function.  
 
Conclusions 
 This pilot study was designed to investigate population movement of Sand Hills 
peoples in response to significant climate change via the proxy of ceramic production 
patterns. The results point to some degree of behavioral change after the MCA; whether 
or not it can be directly linked to climate change is unclear. However, I believe the 
evidence provided here offers a number of directions for future researchers. More recent 
analytical techniques for dating or chemical characterization can be applied to 
assemblages from Sand Hills sites. Sites themselves can be re-examined using a number 
of different techniques or approaches, each of which focus on a different aspect. There 
are many ways in which archeologists can examine the archeological record of the Sand 
Hills to figure out how the area was being used by past peoples. A greater understanding 
of earlier periods and occupations can lead to a better grasp on how more recent groups, 
like the Pawnee, developed. In addition, understanding how past groups responded to 
periods of climate change can provide good lessons for modern populations. The 
environmental problems that people faced during the peri-MCA are still of concern 
today, likely even more so with human-induced climate change on a large scale (Brocious 
2014; Sanford n.d.; Wines 2013). Looking to the past can help provide answers in the 
face of a changing environment. 
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Appendix A – Complete OSL Data Table 
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UNL # 
 
Field # Burial 
Depth 
(m) 
HR2RO 
(%)Pa 
KR2RO 
(%) 
± U 
(ppm) 
± Th 
(ppm) 
± Cosmic 
(Gy) 
Dose Rate (Gy/ka) DReR (Gy) No. of 
Aliquots 
Age (ka) 
UNL-3787 Kelso 1-1 0.93 6.2 2.22 0.07 1.42 0.14 6.80 0.36 0.22 2.72±0.10 2.58±0.04 51 0.95±0.04 
         Minimum Age Model (Galbraith et al. 1999) =  2.09±0.12  0.77±0.05 
UNL-3788 Kelso 1-2 0.97 6.5 2.23 0.07 1.67 0.14 6.27 0.35 0.22 2.74±0.10 2.88±0.04 51 1.05±0.04 
         Minimum Age Model (Galbraith et al. 1999) =  2.53±0.06  0.92±0.04 
UNL-3789 Kelso 2-1 0.68 6.5 2.24 0.07 1.83 0.15 6.83 0.36 0.23 2.83±0.11 2.40±0.05 51 0.85±0.04 
         Minimum Age Model (Galbraith et al. 1999) =  1.50±0.34  0.53±0.12 
UNL-3789A Kelso 2-2 0.78 6.3 2.29 0.07 1.72 0.14 6.84 0.39 0.23 2.85±0.11 2.54±0.09 56 0.89±0.05 
         Minimum Age Model (Galbraith et al. 1999) =  1.93±0.16  0.68±0.06 
UNL-3790 Humphrey 1-1 0.10 14.6 1.95 0.06 1.62 0.14 5.02 0.35 0.25 2.25±0.10 0.86±0.08 53 0.38±0.04 
         Minimum Age Model (Galbraith et al. 1999) =  0.31±0.04  0.14±0.02 
UNL-3791 Humphrey 1-2 0.21 6.6 2.07 0.06 1.50 0.15 5.57 0.33 0.25 2.55±0.10 0.78±0.07 52 0.31±0.03 
         Minimum Age Model (Galbraith et al. 1999) =  0.44±0.04  0.17±0.02 
UNL-3792 Humphrey 1-3 0.25 7.6 2.03 0.07 1.31 0.13 6.17 0.37 0.24 2.49±0.10 1.03±0.09 52 0.41±0.04 
         Minimum Age Model (Galbraith et al. 1999) =  0.73±0.00  0.29±0.01 
UNL-3793 Humphrey 2-1 0.32 0.7 1.88 0.04 0.96 0.08 4.28 0.21 0.24 2.35±0.08 1.67±0.21 47 0.71±0.09 
         Minimum Age Model (Galbraith et al. 1999) = 1.04±0.04  0.44±0.02 
UNL-3794 Humphrey 2-2 0.44 0.5 1.82 0.04 0.98 0.08 4.06 0.20 0.24 2.29±0.08 9.52±1.01 40 4.16±0.46 
         Minimum Age Model (Galbraith et al. 1999) = 2.52±0.09  1.10±0.05 
UNL-3999 McIntosh 1-1 0.35 2.5 1.61 0.04 0.80 0.09 3.72 0.19 0.23 1.99±0.07 1.50±0.18 38 0.75±0.10 
         Minimum Age Model (Galbraith et al. 1999) = 0.62±0.10  0.31±0.05 
UNL-4000 McIntosh 1-2 0.65 2.3 1.70 0.04 0.89 0.08 4.22 0.19 0.23 2.12±0.07 1.62±0.07 70 0.77±0.04 
         Minimum Age Model (Galbraith et al. 1999) = 1.28±0.26  0.60±0.12 
UNL-4001 McIntosh 1-2 0.18 0.5 1.63 0.04 0.84 0.08 3.90 0.19 0.24 2.09±0.07 0.41±0.09 46 0.20±0.04 
         Minimum Age Model (Galbraith et al. 1999) = 0.14±0.05  0.07±0.02 
UNL-4002 McIntosh 2-2 0.37 0.5 1.69 0.04 0.91 0.08 3.97 0.19 0.23 2.15±0.07 0.85±0.08 46 0.39±0.04 
         Minimum Age Model (Galbraith et al. 1999) = 0.53±0.03  0.24±0.01 
UNL-4040 H25HO21-665 0.33 6.0 2.79 0.06 2.80 0.11 10.47 0.29 0.24 3.69±0.12 0.99±0.01 52 0.27±0.01 
         Minimum Age Model (Galbraith et al. 1999) = 0.98±0.03  0.27±0.01 
UNL-4041 H25HO21-998 0.38 6.0 2.79 0.06 2.80 0.11 10.47 0.29 0.24 3.69±0.12 1.19±0.04 51 0.32±0.02 
         Minimum Age Model (Galbraith et al. 1999) = 1.11±0.02  0.30±0.01 
UNL-4042 H25HO21-1463 0.25 6.0 2.79 0.06 2.80 0.11 10.47 0.29 0.24 3.69±0.12 1.25±0.03 44 0.34±0.01 
         Minimum Age Model (Galbraith et al. 1999) = 1.08±0.04  0.29±0.01 
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UNL-4043 25HO23-19 1.62 6.4 2.96 0.07 2.55 0.14 11.65 0.37 0.2 3.80±0.13 3.01±0.03 43 0.79±0.03 
         Minimum Age Model (Galbraith et al. 1999) = 2.95±0.00  0.78±0.03 
UNL-4044 25HO23-180 1.62 6.4 2.96 0.07 2.55 0.14 11.65 0.37 0.2 3.86±0.13 3.16±0.03 80 0.82±0.03 
         Minimum Age Model (Galbraith et al. 1999) = 2.92±0.08  0.76±0.03 
UNL-4045 25HO23-266 1.62 6.4 2.96 0.07 2.55 0.14 11.65 0.37 0.2 3.80±0.13 3.21±0.03 48 0.85±0.03 
         Minimum Age Model (Galbraith et al. 1999) = 3.15±0.00  0.83±0.03 
UNL-4046 25BW15-131-
21 
0.25 1.5 3.06 0.04 2.57 0.08 12.10 0.19 0.24 4.17±0.13 2.19±0.02 52 0.53±0.02 
         Minimum Age Model (Galbraith et al. 1999) = 1.82±0.00  0.44±0.01 
UNL-4047 25BW15-893 0.26 1.5 3.06 0.04 2.57 0.08 12.10 0.19 0.24 4.17±0.13 2.19±0.03 35 0.52±0.02 
         Minimum Age Model (Galbraith et al. 1999) = 2.12±0.00  0.51±0.02 
UNL-4048 25BW15-902 0.26 1.5 3.06 0.04 2.57 0.08 12.10 0.19 0.24 4.17±0.13 2.40±0.04 53 0.58±0.02 
         Minimum Age Model (Galbraith et al. 1999) = 2.06±0.05  0.49±0.02 
P
a
PIn-situ moisture content 
Error on DReR is 1 standard error 
Error on age includes random and systematic errors calculated in quadrature 
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UNL # Skew/
2σRcRPb 
Kurt/
2σRkRPb 
c/cRcritRPb k/kRcritRPb Overdisp 
(%) Pc 
CAM/MedPd CAM/PDF 
FitPe 
CAM/
Mode Pf 
CAM/MeanPg 
UNL-3787 1.50 1.92 0.15 1.29 10 1.00 1.01 1.01 1.00 
UNL-3788 1.01 1.10 0.10 0.74 9 1.00 1.01 1.00 0.99 
UNL-3789 0.52 0.63 0.05 0.42 14 0.99 0.99 0.96 0.99 
UNL-3789A 1.27 0.59 0.12 0.37 23 1.04 0.98 0.99 0.98 
UNL-3790 2.76 3.03 0.27 1.99 67 1.24 0.83 2.87 0.83 
UNL-3791 2.40 2.91 0.24 1.93 51 1.32 1.39 1.90 1.00 
UNL-3792 5.78 13.59 0.58 9.00 55 1.23 0.88 1.34 0.88 
UNL-3793 5.67 12.42 0.60 8.72 81 1.54 1.55 1.50 0.60 
UNL-3794 1.49 1.10 0.17 0.82 67 0.87 0.82 3.60 0.82 
UNL-3999 3.47 5.29 0.40 4.08 69 1.15 0.79 1.37 0.79 
UNL-4000 8.73 30.59 0.75 17.46 29 1.06 0.94 1.21 0.94 
UNL-4001 5.53 12.88 0.59 9.15 106 1.97 0.72 2.97 0.72 
UNL-4002 3.42 4.87 0.37 3.46 56 1.17 0.87 1.61 0.87 
UNL-4040 1.15 -0.20 0.11 -0.13 2 1.02 1.01 1.02 1.01 
UNL-4041 5.95 13.25 0.60 8.88 25 1.06 0.97 1.09 0.97 
UNL-4042 6.26 18.68 0.69 13.62 14 1.01 0.99 1.00 0.99 
UNL-4043 0.88 0.28 0.10 0.21 5 1.02 1.01 1.02 1.01 
UNL-4044 0.78 -0.09 0.06 -0.05 6 1.01 1.00 1.01 1.00 
UNL-4045 1.31 0.17 0.14 0.12 4 1.02 1.00 1.02 1.00 
UNL-4046 -0.02 0.53 0.00 0.35 7 1.00 1.00 1.02 1.00 
UNL-4047 0.96 0.20 0.12 0.16 5 1.03 1.01 1.04 1.01 
UNL-4048 6.27 18.24 0.62 11.96 12 1.02 0.99 1.06 0.99 
P
b
PBailey and Arnold 2006 
P
c
PGalbraith 2005 
P
d
PCentral Age Model/Median 
P
e
PCentral Age Model/Probability Density Function Fit 
P
f
PCentral Age Model/Mode 
P
g
PCentral Age Model/Unweighted Mean
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Appendix B – Select Ceramic Data for OSL Sherds 
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UNL 
ID 
Alternate 
ID 
Ceramic 
Type 
Vessel 
Form Paste 
Exterior 
Decoration Culture Context Provenience Site Date 
Field 
Date 
UNL-
4040 
Humphrey 
H25HO21-
665 
body 
sherd smoothed 
"Dismal 
River-like" 
6-20" (15-
51cm) N465 E10 
250±25 
YBP 7/1949 
UNL-
4041 
Humphrey 
H25HO21-
998 
body 
sherd smoothed 
"Dismal 
River-like" 
6-24" (15-
61cm) N480 W4 
250±25 
YBP 7/1949 
UNL-
4042 
Humphrey 
H25HO21-
1463 
body 
sherd 
smoothed, 
possibly 
burned? 
"Dismal 
River-like" 
6-14" (15-
35.5cm) N495 W4 
250±25 
YBP 6/1949 
UNL-
4043 
Kelso 
25HO23-
19 
Ash Hollow 
Cord 
Roughened 
body 
sherd 
cord 
roughened 
Plains 
Woodland 
(Late) Zone A 
A.D. 
800± 
250 8/1949 
UNL-
4044 
Kelso 
25HO23-
180 
Ash Hollow 
Cord 
Roughened 
body 
sherd 
cord 
roughened 
Plains 
Woodland 
(Late) S25 
A.D. 
800± 
250 6/1949 
UNL-
4045 
Kelso 
25HO23-
266 
Ash Hollow 
Cord 
Roughened 
body 
sherd 
cord 
roughened 
Plains 
Woodland 
(Late) S25 E20 
A.D. 
800± 
250 8/1949 
UNL-
4046 
McIntosh 
25BW15-
131-21  
n/a 
(body 
sherd)  
cord 
roughened 
and smoothed 
Central 
Plains 
Tradition 
Feature 
8701 0-50cm 
625± 
125 YBP 
9/19/ 
1987 
UNL-
4047 
McIntosh 
25BW15-
893  
n/a 
(body 
sherd) "dark" 
fabric 
impressed 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625± 
125 YBP 
7/12/ 
1988 
UNL-
4048 
McIntosh 
25BW15-
902  
n/a 
(body 
sherd) "dark" 
C-R&S (cord 
roughened 
and 
smoothed) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625± 
125 YBP 
7/12/ 
1988 
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Appendix C – OSL Protocols 
	
UNL Luminescence Geochronology Laboratory 
OSL Analysis and Sample Preparation 
 
USample Preparation/Dose-Rate Determination: 
Sample preparation was carried out under amber-light conditions.  Samples were wet 
sieved to extract the 90 – 150 or 150 - 250 µm fraction, and then treated with HCl to 
remove carbonates and with hydrogen peroxide to remove organics.   Quartz and feldspar 
grains were extracted by flotation using a 2.7 gm cmP-3 P sodium polytungstate solution, 
then treated for 75 minutes in 48% HF, followed by 30 minutes in 47% HCl.   The 
sample was then resieved and the <90 µm fraction discarded to remove residual feldspar 
grains.  The etched quartz grains were mounted on the innermost 2 mm or 5mm of 1 cm 
aluminum disks using Silkospray. 
Chemical analyses were carried out using a high-resolution gamma spectrometer.  
Dose-rates were calculated using the method of Aitken (1998) and Adamiec and Aitken 
(1998).  The cosmic contribution to the dose-rate was determined using the techniques of 
Prescott and Hutton (1994). 
 
UOptical Measurements: 
Optically stimulated luminescence analyses were carried out on Riso Automated OSL 
Dating System Models TL/OSL-DA-15B/C and TL/OSL-DA-20, equipped with blue and 
infrared diodes, using the Single Aliquot Regenerative Dose (SAR) technique (Murray 
and Wintle 2000).  Early background subtraction (Ballarini et al., 2007; Cunningham and 
Wallinga, 2010) was used.  Preheat and cutheat temperatures were based upon preheat 
plateau tests between 180º and 280ºC.  Dose-recovery and thermal transfer tests were 
conducted (Murray and Wintle 2003).  Growth curves were examined to determine 
whether the samples were below saturation (D/DRoR < 2; Wintle and Murray, 2006).  
Optical ages are based upon a minimum of 50 aliquots (Rodnight, 2008).  Individual 
aliquots were monitored for insufficient count-rate, poor quality fits (i.e. large error in the 
equivalent dose, DReR), poor recycling ratio, strong medium vs fast component (Durcan and 
Duller 2011), and detectable feldspar.  Aliquots deemed unacceptable based upon these 
criteria were discarded from the data set prior to averaging.  Calculation of sample DReR 
values was carried out using the Central Age Model (Galbraith et al. 1999) unless the DReR 
distribution (asymmetric distribution; decision table of Bailey and Arnold 2006), 
indicated that the Minimum Age Model (Galbraith et al. 1999) was more appropriate. 
	
	
Ronald J. Goble 
Professor & Director, Luminescence Geochronology Laboratory 
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Appendix D – Select Ceramic Data for INAA Samples 
		
101
ANID 
Alternate 
ID 
Site 
Number Ware 
Ceramic 
Type 
Vessel 
Form Paste 
Major 
Temper 
Interior 
Decoration 
Exterior 
Decoratio
n Culture Context 
Proven
ience Date Comments 
NGP001 
H25HO21
-413 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
light gray 
interior, 
darker gray 
smooth 
exterior, 
thick  sand n/a? 
black 
coloring - 
doesn't 
seem like 
paint, 
maybe 
soot 
staining? 
Dismal 
River 
N440 
E10, 6-
20" 
250
±25 
YBP 
field date 
6/1949 
NGP002 
H25HO21
-437 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
dark 
gray/black 
faces 
(burned?), 
light gray 
interior ash/grit? polishing? roughened 
Dismal 
River 
N440 
E12, 6-
24" 
250
±25 
YBP 
field date 
7/1949 
NGP003 
H25HO21
-444 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
light gray 
interior, 
darker gray 
smooth 
exterior  sand n/a? n/a 
Dismal 
River 
N445 
E10, 6-
24" 
250
±25 
YBP 
field date 
7/1949 
NGP004 
H25HO21
-457 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
dark gray, 
rough sand n/a? 
stamped/p
addled 
Dismal 
River 
N445 
E11, 6-
20" 
250
±25 
YBP 
field date 
7/1949 
NGP005 
H25HO21
-496 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
mottled sand n/a? roughened 
Dismal 
River 
N450 
E11, 6-
24" 
250
±25 
YBP 
field date 
7/1949 
NGP006 
H25HO21
-625 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
dark gray 
exterior, 
lighter gray 
interior sand n/a? n/a? 
Dismal 
River 
N460 
E13, 6-
30" 
250
±25 
YBP 
field date 
7/1949 
NGP007 
H25HO21
-674 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
chunky, 
whole sherd 
burned? sand n/a? 
black 
coloring - 
doesn't 
seem like 
paint, 
maybe 
soot 
staining? 
Dismal 
River 
N465 
E11, 6-
20" 
250
±25 
YBP 
field date 
7/1949 
NGP008 
H25HO21
-678 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) buff fine sand n/a? n/a 
Dismal 
River 
N465 
E11, 6-
20" 
250
±25 
YBP 
field date 
7/1949 
NGP009 
H25HO21
-681 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
chunky, 
whole sherd sand n/a? 
black 
coloring - 
doesn't 
Dismal 
River 
N465 
E11, 6-
20" 
250
±25 
YBP 
field date 
7/1949 
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burned? seem like 
paint, 
maybe 
soot 
staining? 
NGP010 
H25HO21
-906 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
burned 
exterior sand n/a? n/a 
Dismal 
River 
N475 
E9, 6-
24" 
250
±25 
YBP 
field date 
6/1949 
NGP011 
H25HO21
-915 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) buff fine sand n/a? incised 
Dismal 
River 
N475 
E9, 6-
24" 
250
±25 
YBP 
field date 
6/1949 
NGP012 
H25HO21
-964 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
buff, darker 
exterior sand n/a? painted? 
Dismal 
River 
N475 
E14, 6-
24" 
250
±25 
YBP 
field date 
6/1949 
NGP013 
H25HO21
-1001 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
dark gray, 
possibly 
burned 
coarse 
sand n/a? n/a 
Dismal 
River 
Feature 
10 
N480 
W4, 6-
24" 
250
±25 
YBP 
field date 
7/1949 
NGP014 
H25HO21
-1026 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
dark 
brown/gray 
interior, 
darker 
exterior, 
possibly 
burned sand n/a? 
roughened 
(cord/pad
dle?) 
Dismal 
River 
Feature 
9 
N480 
W2, 6-
16" 
250
±25 
YBP 
field date 
7/1949 
NGP015 
H25HO21
-1044 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) dark brown fine sand n/a? 
roughened 
(cord/pad
dle?) 
Dismal 
River 
Feature 
9 
N480 
W2, 6-
16" 
250
±25 
YBP 
field date 
7/1949 
NGP016 
H25HO21
-1051 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
darker 
exterior sand n/a? roughened 
Dismal 
River 
Feature 
9 
N480 
W2, 6-
16" 
250
±25 
YBP 
field date 
7/1949 
NGP017 
H25HO21
-1095 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
buff with 
whitish 
marks,  sand 
incised/bur
nished n/a 
Dismal 
River 
N480 
E7, 6-
20" 
250
±25 
YBP 
field date 
7/1949 
NGP018 
H25HO21
-1418 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
buff interior, 
dark gray 
interior face, 
darker gray 
exterior face 
(burned?) sand painted? 
roughened
, painted? 
Dismal 
River 
N495 
W5, 6-
20" 
250
±25 
YBP 
field date 
6/1949 
NGP019 
H25HO21
-1430 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
black, 
probably 
entire sherd 
burned sand n/a? roughened 
Dismal 
River 
N495 
W4, 6-
14" 
250
±25 
YBP 
field date 
6/1949 
NGP020 
H25HO21
-1459 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
light tan 
interior, gray 
exterior sand n/a? roughened 
Dismal 
River 
N495 
W4, 6-
14" 
250
±25 
YBP 
field date 
6/1949 
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(burned?) 
NGP021 
H25HO21
-1471 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
burned fine sand n/a? n/a 
Dismal 
River 
N495 
W3, 6-
14" 
250
±25 
YBP 
field date 
6/1949 
NGP022 
H25HO21
-1914 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
darker 
exterior face sand n/a? roughened 
Dismal 
River 
N510 
W10, 
no 
depth  
250
±25 
YBP 
field date 
6/1949 
NGP023 
H25HO21
-1956 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown/gray, 
darker 
exterior face sand n/a? 
roughened 
(cord/pad
dle?) 
Dismal 
River 
Feature 
2 
N515 
W8, 6-
13" 
250
±25 
YBP 
field date 
6/1949 
NGP024 
H25HO21
-1966 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown, 
smoothed 
faces, burned sand n/a? n/a 
Dismal 
River 
N515 
W10, 
6-24" 
250
±25 
YBP 
field date 
6/1949 
NGP025 
H25HO21
-1967 25HO21 
earthen
ware 
"Dismal 
River-
like" 
n/a 
(body 
sherd) 
brown, 
uneven, 
smooth 
exterior sand n/a? n/a 
Dismal 
River 
N515 
W10, 
6-24" 
250
±25 
YBP 
field date 
6/1949 
NGP026 
25HO23-
7 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(rim 
sherd) 
dark 
brown/gray 
exterior; buff 
interior; 
finger 
impressions 
on interior; 
exterior has 
impressions 
perpendicula
r to cord 
roughening 
marks; white 
flecks on 
both surfaces sand n/a? 
cord 
roughened 
Plains 
Woodland  S25 E1 
1150
±25
0 
YBP 
field date 
6/1949  
NGP027 
25HO23-
38 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff surface; 
thick; finger 
impressions 
on interior sand n/a? 
cord 
roughened 
Plains 
Woodland surface  
1150
±25
0 
YBP 
field date 
x/1949 
NGP028 
25HO23-
53 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff exterior, 
tan interior; 
exterior 
rough/flaked sand n/a? 
cord 
roughened 
Plains 
Woodland  S10 E1 
1150
±25
0 
YBP 
field date 
6/1949 
NGP029 
25HO23-
56 25HO23 
earthen
ware 
Ash 
Hollow 
n/a 
(body 
light brown 
exterior, buff sand n/a? 
cord 
roughened 
Plains 
Woodland  S15 
1150
±25
field date 
6/1949 
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Cord 
Roughen
ed 
sherd) interior; 
interior 
flaking 
(deep) 0 
YBP 
NGP030 
25HO23-
58 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
tan exterior, 
buff interior; sand n/a? 
cord 
roughened 
Plains 
Woodland  S15 
1150
±25
0 
YBP 
field date 
6/1949 
NGP031 
25HO23-
68 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
dark exterior, 
tan interior; 
finger 
impressions 
on interior; 
exterior has 
marks 
perpendicula
r to cord 
roughening 
pattern sand n/a? 
cord 
roughened 
Plains 
Woodland  S15 E1 
1150
±25
0 
YBP 
field date 
6/1949 
NGP032 
25HO23-
73 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
tan surface, 
darker inner 
material; 
finger 
impressions 
on interior; 
burning 
along edge? sand n/a? 
cord 
roughened 
Plains 
Woodland  S15 E1 
1150
±25
0 
YBP 
field date 
6/1949 
NGP033 
25HO23-
105 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
dark buff 
exterior, 
light interior; 
black specks 
on interior; 
THIN sand n/a? 
cord 
roughened 
Plains 
Woodland  S20 
1150
±25
0 
YBP 
field date 
6/1949 
NGP034 
25HO23-
107 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
dark gray 
exterior, tan 
interior; 
white streaks 
on outer 
surface sand n/a? 
cord 
roughened 
Plains 
Woodland  S20 
1150
±25
0 
YBP 
field date 
6/1949 
NGP035 
25HO23-
110 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
tan/buff; 
exterior 
rough/flaked 
with traces 
of 
roughening; 
flecks of sand n/a? 
cord 
roughened 
Plains 
Woodland  S20 
1150
±25
0 
YBP 
field date 
6/1949 
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white on 
inside 
NGP036 
25HO23-
121 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
tan/buff; 
exterior 
surface half-
flaked off; 
interior 
rough/flaked sand n/a? 
cord 
roughened 
Plains 
Woodland  S20 
1150
±25
0 
YBP 
field date 
6/1949 
NGP037 
25HO23-
126 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
dark gray 
exterior, 
black interior 
(burned?); 
circular drill 
hole? sand n/a? 
cord 
roughened 
Plains 
Woodland  S20 
1150
±25
0 
YBP 
field date 
6/1949 
NGP038 
25HO23-
137 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
dark buff 
inner; tan 
interior 
surface; 
exterior 
rough/flaked sand n/a? 
cord 
roughened 
Plains 
Woodland  S20 
1150
±25
0 
YBP 
field date 
6/1949 
NGP039 
25HO23-
145 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff exterior, 
black interior 
(burned?); 
thick sand n/a? 
cord 
roughened 
(narrow) 
Plains 
Woodland  S20 E1 
1150
±25
0 
YBP 
field date 
6/1949 
NGP040 
25HO23-
151 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(rim 
sherd?) 
dark buff; 
thick sand n/a? 
cord 
roughened 
(shallow/
worn, on 
rim also) 
Plains 
Woodland  S20 E1 
1150
±25
0 
YBP 
field date 
6/1949 
NGP041 
25HO23-
158 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
tan interior; 
gray, rough 
exterior 
(flaked/spall
ed); white 
flecks sand 
some 
incising? 
surface 
spalled/fla
ked off 
Plains 
Woodland  
S20 
E20 
1150
±25
0 
YBP 
field date 
8/1949 
NGP042 
25HO23-
210 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
light brown 
exterior, buff 
interior; 
finger 
impressions 
on interior sand n/a? 
cord 
roughened 
Plains 
Woodland 
Feature 
2 
S25 E1 
(F2) 
1150
±25
0 
YBP 
field date 
6/1949 
NGP043 
25HO23-
223 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
n/a 
(body 
sherd) 
light buff 
interior, 
darker 
exterior; sand n/a? 
cord 
roughened 
(shallow/
worn) 
Plains 
Woodland 
Feature 
2 
S25 E1 
(F2) 
1150
±25
0 
YBP 
field date 
6/1949 
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ed very thick 
NGP044 
25HO23-
239 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff exterior; 
exterior 
flaking sand n/a? 
cord 
roughened 
Plains 
Woodland 
Feature 
2 
S25 E1 
(F2) 
1150
±25
0 
YBP 
field date 
6/1949 
NGP045 
25HO23-
248 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff exterior, 
black interior 
(burned); 
thick sand n/a? 
cord 
roughened 
(narrow) 
Plains 
Woodland 
Feature 
2 
S25 E1 
(F2) 
1150
±25
0 
YBP 
field date 
6/1949 
NGP046 
25HO23-
253 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
chalky gray 
exterior with 
white 
streaks; dark 
gray interior 
with finger 
impressions sand n/a? 
cord 
roughened 
Plains 
Woodland 
Feature 
2 
S25 E1 
(F2) 
1150
±25
0 
YBP 
field date 
6/1949 
NGP047 
25HO23-
270 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
light brown 
exterior, buff 
interior; 
exterior 
flaking sand n/a? 
cord 
roughened 
(shallow/
worn) 
Plains 
Woodland  
S25 
E20 
1150
±25
0 
YBP 
field date 
8/1949 
NGP048 
25HO23-
279 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff exterior, 
tan interior sand n/a? 
cord 
roughened 
Plains 
Woodland  S30 
1150
±25
0 
YBP 
field date 
7/1949 
NGP049 
25HO23-
324 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff exterior, 
black interior 
(burned?); 
thick sand n/a? 
cord 
roughened 
(narrow) 
Plains 
Woodland  S40 E1 
1150
±25
0 
YBP 
field date 
6/1949 
NGP050 
25HO23-
345 25HO23 
earthen
ware 
Ash 
Hollow 
Cord 
Roughen
ed 
n/a 
(body 
sherd) 
buff all over; 
interior 
rough/spalle
d sand n/a? 
cord 
roughened 
Plains 
Woodland  S45 
1150
±25
0 
YBP 
field date 
6/1949 
NGP051 
25BW15-
131-1 25BW15 
earthen
ware 
Koch 
(2004:26
) says 
"compar
able to 
those on 
pottery 
n/a 
(body 
sherd) 
dark grey 
surfaces, 
lighter grey 
inner sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8701 0-50cm 
625
±12
5 
YBP 
field date 
9/19/1987 
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from St. 
Helena 
phase 
sites." 
NGP052 
25BW15-
131-4 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
buff, yellow 
stains on 
interior 
surface sand n/a 
impressed
? Dotted? 
Central 
Plains 
Tradition 
Feature 
8701 0-50cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP053 
25BW15-
131-5 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
buff, dark 
staining on 
exterior sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8701 0-50cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP054 
25BW15-
131-28 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) light grey sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8701 0-50cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP055 
25BW15-
131-30 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) grey sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8701 0-50cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP056 
25BW15-
236-25 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
yellow 
exterior, grey 
inner; dark 
staining on 
exterior 
surface sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8707 0-19cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP057 
25BW15-
236-29 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
grey exterior 
surface, 
yellow 
interior 
surface sand striations 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8707 0-19cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP058 
25BW15-
236-39 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
grey w/ 
yellow tint 
on interior 
surface sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8707 0-19cm 
625
±12
5 
YBP 
field date 
9/19/1987 
NGP059 
25BW15-
282 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) buff sand n/a 
C-R&S 
(cord 
roughened 
and 
smoothed)
; drill hole 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"light" 
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from 
exterior to 
interior 
NGP060 
25BW15-
292 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
light buff 
exterior, 
orange inner sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"orange" 
NGP061 
25BW15-
326 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
yellow 
surface, dark 
body sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"yellow" 
NGP062 
25BW15-
327 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
yellow-gray 
outer 
surface, dark 
buff inner 
surface, sand 
inclusion on 
exterior sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"yellow" 
NGP063 
25BW15-
332 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
buff; dark 
surfaces, 
light inner sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"dark" 
NGP064 
25BW15-
341 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
gray, light 
interior, 
darker outer 
surface sand n/a 
cord 
roughened 
(shallow/
worn) 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"dark" 
NGP065 
25BW15-
344 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
black 
exterior, gray 
interior sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8801 0-55cm 
625
±12
5 
YBP 
field date 
7/11/1988; 
specimen 
inventory says 
"dark" 
NGP066 
25BW15-
816 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
tan exterior, 
darkish buff 
inner, 
reddish 
interior 
surface; 
charcoal 
stains on 
edge sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"miscellaneous 
exterior, red 
interior, 
miscellaneous 
texture" for lot 
NGP067 
25BW15-
864 25BW15 
earthen
ware 
"compar
able to 
n/a 
(body 
tan-yellow 
surfaces, sand n/a 
C-R (cord 
roughened
Central 
Plains 
Feature 
8806 0-53cm 
625
±12
field date 
7/12/1988; 
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St. 
Helena 
phase" 
sherd) dark interior; 
black stain 
on exterior 
surface 
) Tradition 5 
YBP 
specimen 
inventory says 
"yellow" 
NGP068 
25BW15-
865 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
yellowish 
surface, dark 
body sand n/a 
C-R (cord 
roughened
) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"yellow" 
NGP069 
25BW15-
875 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
actually has 
yellow 
exterior, grey 
interior (see 
note in 
comments) sand n/a 
C-R&S 
(cord 
roughened 
and 
smoothed) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"grey exterior, 
yellow interior" 
NGP070 
25BW15-
882 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
dark grey, 
dark stain on 
exterior 
surface sand n/a 
C-R (cord 
roughened
) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"dark grey" 
NGP071 
25BW15-
901 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
dark buff, 
dark stain on 
exterior, 
almost a 
little reddish 
on interior? sand n/a 
C-R&S 
(cord 
roughened 
and 
smoothed) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"dark" 
NGP072 
25BW15-
913 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) gray buff sand n/a 
C-R&S 
(cord 
roughened 
and 
smoothed) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"dark" 
NGP073 
25BW15-
918 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) dark buff sand 
cord 
roughened 
and 
smoothed? 
C-R&S 
(cord 
roughened 
and 
smoothed) 
Central 
Plains 
Tradition 
Feature 
8806 0-53cm 
625
±12
5 
YBP 
field date 
7/12/1988; 
specimen 
inventory says 
"dark" 
NGP074 
25BW15-
3481a 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
tan exterior, 
red interior sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
n/a 
(surface?
) 
n/a 
(donate
d from 
collect
or) 
625
±12
5 
YBP 
part of donation 
of material 
from Ann 
Wales, no 
provenience; 
specimen 
inventory says 
"red/orange 
interior" 
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NGP075 
25BW15-
3481b 25BW15 
earthen
ware 
"compar
able to 
St. 
Helena 
phase" 
n/a 
(body 
sherd) 
tan-buff 
exterior, red 
interior sand n/a 
cord 
roughened 
Central 
Plains 
Tradition 
n/a 
(surface?
) 
n/a 
(donate
d from 
collect
or) 
625
±12
5 
YBP 
part of donation 
of material 
from Ann 
Wales, no 
provenience; 
specimen 
inventory says 
"red/orange 
interior" 
